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ABSTRACT
AN EXAMINATION OF THE VARIABILITY OF MIGRATORY TIMING
STATISTICS ESTIMATED FROM CATCH AND EFFORT OBSERVATIONS
A rth u r  Jo rdan  B utt 
Old Dominion D n iv e r s t iy  
D i r e c to r :  D r. P h i l l i p  R. Mundy
The e s t im a te  o f  th e  mean a r r i v a l  t im e  b a s e d  on c a t c h  o r  CPUE o f  
f i s h e s  m i g r a t i n g  i n t o  a f i x e d  h a r v e s t  a re a  i s  a f u n c t io n  o f  t h e  number 
o f  days f i s h e d .  S im u la t io n  s t u d i e s  u s in g  chinook salmon c a tc h  and e f f o r t  
d a t a  f rom  t h e  Yukon R iv e r  d e l t a ,  A la s k a  i n d i c a t e  t h a t  f i s h i n g  e f f o r t  
c o n c e n t ra te d  a t  th e  t a i l s  o f  t h e  m ig ra to ry  d i s t r i b u t i o n  which would tend  
to  e r r o n e o u s ly  weigh th e  e s t im a te d  mean a r r i v a l  tim e in  th e  d i r e c t i o n  o f  
th e  sample, away from th e  t r u e  mean, i s  o n ly  a s i g n i f i c a n t  p r o b le m  when 
t h e  num ber o f  days open to  f i s h i n g  i s  s m a l l ,  covering  l e s s  th a n  12 % o f  
th e  t o t a l  d u r a t i o n  o f  t h e  m i g r a t i o n .  At s a m p l in g  r a t e s  o f  t h e  t im e  
dom ain  g r e a t e r  t h a n  12 %, e s t i m a t e d  mean a r r i v a l  t im e s  a r e  u s u a l l y  
w i t h in  50 % o f  th e  t r u e  mean.
The v a r i a n c e  o f  t h e  r a t i o  e s t i m a t o r  and t h e  mean s q u a r e  e r r o r  
(b ia s e d  MSE) f o r  th e  r a t i o  e s t im a to r  bo th  a l lo w  f o r  th e  c o n s t r u c t i o n  o f  
c o n f i d e n c e  l i m i t s  f o r  an e s t i m a t e d  a r r i v a l  t im e  b a s e d  on commercial 
c a tc h  and CPUE d a t a .  A r r iv a l  t im e  e s t im a te s  f o r  m ig r a t io n s  w i t h  l a r g e  
v a r i a n c e s  and  w i t h  few er th a n  12 % o f  th e  tim e domain o f  t h e  m ig r a t io n  
sampled have na rro w er  95 % c o n f id e n c e  i n t e r v a l s  t h a n  t h e  same m e th o d s  
p r o d u c e d  f o r  a r r i v a l  tim e e s t im a te s  f o r  m ig ra t io n s  o f  sm a ll  v a r i a n c e s .  
The v a r i a n c e  o f  th e  r a t i o  e s t im a to r  i s  more c o n s e r v a t i v e  w i t h  s a m p l in g  
r a t e s  b e lo w  12 %, h o w e v e r ,  i t  c l o s e l y  m a tc h e s  t h e  b i a s e d  MSE when 
sampling g r e a t e r  th a n  12 % o f  th e  tim e dom ain  o f  t h e  m i g r a t i o n .  Once 
a b o u t  a q u a r t e r  o f  t h e  m i g r a t o r y  t im e  span  i s  f i s h e d ,  t h e  c o n f id e n ce  
i n t e r v a l  i s  g r e a t l y  red u ced .  This  i s  p a r t i c u l a r l y  t r u e  f o r  m i g r a t i o n s  
o f  s m a l l  v a r i a n c e  where th e  p r o p o r t io n s  of th e  p o p u la t io n  sampled tend  
to  be q u i t e  c o n c e n t ra te d  abou t th e  c e n t r a l  mass o f  the  tim e d i s t r i b u t i o n
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o f  abundance.
S a m p lin g  f rom  t h e  a v e r a g e  e m p i r i c a l  p r o p o r t io n  o f  c a tc h  y i e l d s  a 
narrow er c o n fid en ce  i n t e r v a l  on th e  mean a r r i v a l  t im e th an  does sampling 
from  CPUE d a t a .  However, samples from annua l d a i l y  p r o p o r t io n s  o f  CPUE 
w i t h  b r o a d e r  v a r i a n c e s  y i e l d  s t r o n g e r  c o n f i d e n c e  i n  a r r i v a l  t i m e  
e s t im a te s  th an  do samples from m ig r a t io n s  o f  ave rage  to  sm a ll  v a r i a n c e s .  
There ap p e a rs  to  be l i t t l e  d i s t i n c t i o n  between th e  a n n u a l  mean a r r i v a l  
t im e  e s t i m a t e s  b a s e d  on b o th  c a tc h  and CPUE o b s e rv a t io n s  when sampling 
12.5  -  3 0 .5  % o f  th e  m ig ra t io n  f o r  e a r l y  m ig r a t io n s .  However, once 30 % 
o r  more o f  t h e  m i g r a t i o n  i s  f i s h e d ,  d a i l y  p r o p o r t io n s  o f  c a tc h  o f f e r  
more c o n fid en ce  f o r  annual a r r i v a l  t im e e s t i m a t e s .
The h i g h e r  o r d e r  d i s t r i b u t i o n a l  p a r a m e t e r s  w h ic h  e s t i m a t e  t h e  
v a r i a n c e ,  sk ew n ess  and  k u r t o s i s  may b e  to o  v o l a t i l e  to  a d e q u a t e l y  
d e s c r i b e  t h e  m i g r a t o r y  d i s t r i b u t i o n  b a s e d  s o l e l y  on commercial ca tch  
d a t a .  E s t im a te s  o f  skewness and k u r t o s i s  a r e  e x t r e m e l y  d i f f i c u l t  to  
e s t im a te  w i th in  th e  c o n te x t  o f  th e  d a ta  examined
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The e m p i r ic a l  average  d i s t r i b u t i o n  f o r  
c a tc h e s  o f  chinook salmon from th e  Yukon d e l t a  
(1961-1980) w ith  a mean = 1 9 .9 8 ,  v a r i a n c e  = 4 8 .3 2 ,  
skewness = -01 .4 6 8  and k u r t o s i s  = 2.5999
( a f t e r  Mundy 1982).   28
Eleven days ( j  = 11) randomly sampled
from th e  e m p i r ic a l  ave rage  d i s t r i b u t i o n  o f  chinook
salmon from th e  Yukon d e l t a ,  1961-1980, and th e
s t a t i s t i c s  o f  th e  sam ple.  29
E s t im a te s  o f  th e  mean, v a r i a n c e ,  skewness
and k u r t o s i s  and th e  p r o p o r t io n  a c t u a l l y  sampled
f o r  a s in g l e  sample o f  v a r i a b l e  number o f  days ,
j  ( j  = 1 , 2 • • •  40) randomly sampled from th e
chinook t im e d e n s i ty  o f  Table  1 . .   30
E s t im a te s  o f  th e  s ta n d a rd  d e v ia t io n  ( e r r o r )
o f  th e  mean, r e s i d u a l  o f  th e  mean, and r e s i d u a l s
o f  th e  v a r i a n c e  f o r  a s in g l e  sample o f  a v a r i a b l e
number o f  d a y s ,  j  ( j  = 1 ,  2 ,  40) randomly
sampled from th e  e m p i r ic a l  d i s t r i b u t i o n .    35
C a lc u la t io n s  from 300 r e p e t i t i o n s  f o r  th e
mean time d e n s i ty  ( * t j ) ,  cum u la tive  p r o p o r t io n s ,
b i a s  and MSE o f  th e  r a t i o  e s t i m a t o r ,  and th e  MSE
f o r  th e  u n b ia se d  e s t i m a t o r  o f  th e  p o p u la t io n
t o t a l .   43
The bound on th e  e r r o r  o f  e s t im a t io n  about 
th e  average  a r r i v a l  t im e f o r  th e  e m p i r ic a l  
ave rage  d i s t r i b u t i o n  (mean = 1 9 .9 8 ,  v a r i a n c e  =
48 .32 )  w i th  th e  upper and lower bounds and th e
v a r i a n c e  e s t i m a t o r ,  V ( * t j )  f o r  l a r g e  sample
s i z e s  f o r  a s in g l e  sample o f  a v a r i a b l e  number o f
d a y s ,  j  ( j  = 1 , 2 ,  • • •  40) from th e  e m p i r ic a l
d i s t r i b u t i o n .  .......................................................................................  49
The t h e o r e t i c a l  d a i l y  and cum ula tive  
p r o p o r t io n s  f o r  th e  normal d i s t r i b u t i o n  w i th  a 
mean o f  19 .98  and v a r i a n c e  o f  48 .32  (skewness =
0 .02 2 7 ,  k u r t o s i s  = 2 .5729)  f o r  each  day o f  th e
m ig r a t io n .  .................................................................................................5 1
iv
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1CHAPTER 1 
INTRODUCTION
The f i s h e r i e s  l i t e r a t u r e  a b o u n d s  w i t h  e x a m p l e s  o f  u s e s  f o r  
q u a n t i t a t i v e  a n a l y s e s  o f  m i g r a t o r y  t im in g  (Royce 1965; P r e s to n  1966; 
M a th i s e n  and B erg  1968; R o t h s c h i l d  and  B a l s i g e r  1 9 7 1 ;  L o r d  1 9 7 3 ;  
R o b e rso n  and F r i d g e n  1974 ; W a l te r s  and Buckingham 1975; Mobrand 1977; 
Mundy 1 9 7 9 ,  1982 ; Mundy an d  M a th i s e n  1 9 8 1 ) .  Such a b u n d a n c e  i s  n o t  
s u r p r i s i n g  s in c e  th e  s tu d y  o f  m ig r a t io n s  and i t s  consequent knowledge o f  
th e  a r r i v a l  t im e o f  th e  m ig r a t io n  a r e  e s s e n t i a l  to  t h e  h a r v e s t  c o n t r o l  
o p e ra t io n s  o f  many f i s h e r i e s .  However, g iv en  th e  p r e s e n t  l i t e r a t u r e  and 
the  c u r r e n t  n e e d s ,  bounded e s t im a te s  o f  th e  m ig ra to ry  t im ing  s t a t i s t i c s  
o f  i n d iv id u a l  y e a rs  have n o t  been  c o n s t r u c te d .
Mundy (1979, 1982, 1984) has c h a r a c t e r i z e d  m i g r a t i o n s  by  t h e  mean 
and v a r i a n c e  o f  th e  a r r i v a l  t im es  of th e  i n d iv i d u a l s ,  b u t  he o f f e r e d  no 
co n fidence  i n t e r v a l s  f o r  th e  e s t im a te s  o f  an i n d i v i d u a l  y e a r .  L e g g e t t  
(1 9 7 7 )  w arned  t h a t  c a tc h  d a t a ,  " f r e q u e n t l y  p rov ide  more in fo rm a t io n  on 
th e  d i s t r i b u t i o n  o f  f i s h i n g  e f f o r t  th an  on th e  d i s t r i b u t i o n  o f  f i s h  and 
thus  r e q u i r e s  g r e a t  c a re  i n  i n t e r p r e t a t i o n . "
I n t e r p r e t a t i o n  o f  m ig ra to ry  t im ing  i n f o r m a t i o n  i s  l i m i t e d  by  t h e  
i n a b i l i t y  t o  make q u a n t i t i v e  s t a t e m e n t s  r e g a r d i n g  t h e  a c c u r a c y  o f  
s t a t i s t i c a l  p a ram ete rs  based  on commercial c a tc h  d a t a .  F i s h e r i e s  do n o t
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2sample a t  random w i th  r e s p e c t  to  th e  t im ing  o f  a m ig r a t i o n ,  so we do n o t  
h a v e  s im p le  random  samples o f  th e  m ig ra to ry  e v e n t ;  however, s im u la t io n  
s t u d i e s  e m p lo y in g  random  s a m p l in g  s h o u ld  y i e l d  u s e f u l  i n f o r m a t i o n  
c o n c e r n in g  e s t i m a t e s  o f  s t a t i s t i c s  o f  a r r i v a l  t im in g  w i th  a s s o c ia te d  
c o n fid en ce  i n t e r v a l s  f o r  p r a c t i c a l  p u rp o se s .
M ig r a to r y  t i m i n g ,  o r  t h e  a r r i v a l  t im e o f  s to c k s  in to  th e  h a rv e s t  
a r e a ,  has  been used  to  s e g re g a te  s to c k s  i n  many s y s te m s  i n c l u d i n g  t h e  
s a lm o n id s  o f  t h e  Yukon R i v e r  ( B u k l i s  1 9 8 1 ) .  M i g r a t o r y  b e h a v io r  i s  
c o n s e r v e d  a c r o s s  g e n e r a t i o n s ;  t h e r e f o r e ,  t h e  s t o c k s  m i g r a t e  on  a 
p r e d i c t a b l e  s c h e d u l e  o f  movement w h ich  i s  g e n e t i c a l l y  t r a n s m i t t e d  
( K i l l i c k  1955; Hoar 1976; Mundy 1982, 1984). When th e  m ig r a to r y  t im in g  
i s  a s s o c i a t e d  w i t h  a s p e c i f i e d  t im e  i n t e r v a l  m e a s u re d  f ro m  a f ix e d  
g eo g rap h ic  t im e fram e, t h a t  p ro p o r t io n  o f  th e  p o p u la t io n  w i th in  th e  time 
i n t e r v a l  d e f i n e s  i t s  p r o b a b i l i t y  o f  o c c u r r e n c e .  The p r o p o r t io n  o f  th e  
m ig r a t io n  as  a f u n c t io n  o f  t im e  i s  a p r o b a b i l i t y  d e n s i t y  f u n c t i o n ,  t h e  
time d e n s i t y  (Mundy 1979).
I n f o r m a t i o n  on t im ing  i s  equa ted  to  c a tc h  d a ta  tak e n  over  d i s c r e t e  
t im e i n t e r v a l s  from a  f ix e d  s p a t i a l  r e f e r e n c e  p o i n t  o r  w i t h i n  a f i x e d  
g eo g rap h ic  r e f e r e n c e  f ram e. However, c a tc h  d a t a ,  even when p r o p o r t io n a l  
to  t o t a l  abundance, does n o t  n e c e s s a r i l y  r e p r e s e n t  t h e  e n t i r e  d u r a t i o n  
o r  dom ain  o f  t h e  m ig r a to r y  e v e n t .  T h e re fo re ,  an e m p i r ic a l  p r o b a b i l i t y  
d e n s i t y  fu n c t io n  and i t s  d e s c r i p t i v e  p a ram ete rs  a re  employed to  e s t im a te  
t h e  t r u e  b e h a v i o r  o f  th e  p o p u la t io n .  The t im e d e n s i ty  has d e s c r i p t i v e  
s t a t i s t i c s  such as th e  f i r s t  f o u r  moments a b o u t  t h e  mean t h a t  a i d  i n  
d e s c r i b i n g  t h e  p r o b a b i l i t y  d e n s i t y  f u n c t i o n .  I t  i s  rec o g n iz e d  t h a t  
e s t im a t io n  o f  th e  s t a t i s t i c s  o f  skewness and k u r t o s i s  may be d i f f i c u l t ,  
i f  n o t  im p o s s ib le ,  g iv en  th e  f ragm en ta ry  n a tu r e  o f  f i s h e r i e s  d a t a .
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
3E s t im a te s  o f  th e  d e s c r i p t i v e  p a r a m e te r s  o f  m i g r a t i o n  a r e  d e r i v e d  
from  a s e t  o f  h i s t o r i c a l  c a t c h  d a ta  which c o n s t i t u t e s  a sample a c ro s s  
th e  tim e d e n s i t y .  In  commercial f i s h e r i e s  where m i l l i o n s  o f  d o l l a r s  a re  
made o r  l o s t  on r e g u l a t o r y  d e c i s io n s  i n  any one day , such q u a n t i t a t i v e  
m e a s u re s  m u s t  be  made f o r  t h e  f i s h e r y ,  and r e l a t e d  i n d u s t r i e s ,  t o  
m a x i m i z e  p r o f i t s  a n d  t o  i n s u r e  c o n s e r v a t i o n .  I t  i s  t h e  g o a l  o f  
f i s h e r i e s  management to  a r r a n g e  th e  maximum s u s t a i n a b l e  b e n e f i t  t o  t h e  
h a r v e s t e r  ( i . e .  to  i n s u r e  p r o f i t  to  th e  f i s h e r y  by maximizing c a tc h )  and 
to  m a in ta in  th e  l e v e l s  o f  e x p l o i t a b l e  s t o c k  t o  r e p r o d u c i b l e  l e v e l s ,  
s i n c e  s u c c e s s  i n  b i o l o g i c a l  t e rm s  i s  m e a s u re d  by t h e  a b i l i t y  o f  the  
s p e c ie s  to  have g r a n d c h i ld r e n .
As f i s h e r i e s  m a tu re ,  few er days a r e  f i s h e d  in  each subsequen t y ea r  
due to  th e  in c r e a s e d  e f f i c i e n c y  o f  h a r v e s t  o p e r a t i o n s .  The r e s u l t  i s  
c e n s o r s h i p  and t r u n c a t i o n  o f  o u r  knowledge o f  th e  time d i s t r i b u t i o n  of 
abundance. C onsequen tly ,  l e s s  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  a d e q u a t e  
e s t i m a t e s  o f  m i g r a t o r y  t im in g  and abundance e s t im a t io n .  Both f a c t o r s ,  
t im ing  and  a b u n d a n c e ,  a r e  i m p o r t a n t  t o  t h e  s u r v i v a l  o f  t h e  p r i v a t e  
f i s h i n g  i n d u s t r y ,  f o r  few  b e n e f i t  f ro m  a b u n d a n c e  e s t im a te s  once the  
p o p u la t io n  has m ig ra te d  p a s t  t h e  f i s h e r y  w ith o u t  h a r v e s t .
The c e n t r a l  q u e s t i o n  i s ,  " W ith  w ha t  a s s u r e d n e s s  c a n  m an a g e rs  
employ m ig ra to ry  t im ing  p a ra m e te rs  based  on commercial c a tc h  d a t a  ?"  I n  
o r d e r  t o  answer th e  q u e s t i o n ,  a  knowledge o f  th e  e r r o r  o f  e s t im a t io n  as 
a f u n c t i o n  o f  t h e  num ber o f  s a m p l in g  d a y s  ( d a y s  f i s h e d )  m u s t  b e  
a p p r o a c h e d .  T h e r e  a r e  a  f i n i t e  num ber o f  ways o f  e s t i m a t i n g  th e  
m ig ra to ry  t im ing  based  on th e  number o f  days f i s h e d  from a d i s t r i b u t i o n  
o f  a know n d u r a t i o n .  F e w e r  d a y s  f i s h e d  y i e l d  l a r g e r  num bers  o f  
p o t e n t i a l l y  i n a c c u r a t e  m i g r a t o r y  t im in g  e s t i m a t e s .  T h e r e f o r e ,  t h e
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4a b i l i t y  o f  th e  e s t im a to r s  to  a c c u r a te ly  c h a r a c t e r i z e  th e  t r u e  m i g r a t o r y  
b e h a v i o r  o f  th e  p o p u la t io n  shou ld  d e c l in e  as th e  number o f  days open to  
f i s h i n g  d e c l i n e s .
The o b j e c t iv e  i s  to  e s t im a te  th e  t im ing  b e h a v io r  o f  a  p o p u la t io n  by 
means o f  t h e  m i g r a t o r y  t im e  d e n s i t y  and  i t s  a s s o c i a t e d  d e s c r i p t i v e  
p a r a m e t e r s . The p u rp o s e  o f  t h i s  r e s e a r c h  i s  to  a d d re s s  th e  problems o f  
t h e  a d e q u a c y  o f  t h e s e  e s t i m a t o r s  o f  m i g r a t o r y  b e h a v i o r  t h r o u g h  
c o m p u t e r i z e d  s a m p l i n g  o f  a c t u a l  and h y p o t h e t i c a l  m i g r a t o r y  t im e  
d e n s i t i e s .
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
5CHAPTER 2 
ESTIMATION OF MIGRATORY BEHAVIOR
The m i g r a t i o n  o f  m ost  a n im a ls  i s  a movement to  and  from  t h e i r  
b r e e d i n g  g r o u n d s .  T h is  movement r e f l e c t s  some s p a t i a l  d isp lacem en t  by 
th e  i n d i v i d u a l  o r  p o p u l a t i o n  r e l a t i v e  to  some o t h e r  o b j e c t  and t h e  
c h a n g e  o c c u r s  o v e r  some s p e c i f i e d  t i m e  i n t e r v a l  ( B a k e r  1 9 7 8 ) .  
T h e r e f o r e ,  i t  i s  m o s t  a d v a n ta g e o u s  to  e s t a b l i s h  a f i x e d  g e o g r a p h i c  
r e f e r e n c e  f r a m e .  I n  c a ta d ro m o u s  and anadrom ous f i s h e s  m i g r a t o r y  
b e h a v i o r  o f  one  o r  more s p e c i e s  c a n  b e  s t u d i e d  f ro m  t a c t i c a l l y  
a d v a n ta g e o u s  l o c a t i o n s  w h e re  t h e  r o u t e  o f  m i g r a t i o n  p a s s e s  th ro u g h  
w a te rs  a d ja c e n t  t o  l a n d .  F i s h e r i e s  su c h  as  t h o s e  f o r  a d u l t  s a lm o n ,  
s t r i p e d  b a s s  and  A m e ric an  e e l s  a r e  o f t e n  lo c a te d  w i th in  r i v e r s  a n d /o r  
e s t u a r i e s ,  a l low ing  f o r  such s t u d i e s .  Among t e l e o s t e a n  f i s h e s ,  b ree d in g  
i s  u s u a l l y  an  a n n u a l  e v e n t ,  and i n  th e  m athem atica l  sense  o f  r e c u r r in g  
a t  r e g u l a r  i n t e r v a l s ,  th e  le n g th  o f  p e r io d  i s  g e n e r a l l y  one y e a r .
P o p u l a t i o n  s i z e s  r a r e l y  r e m a in  s t a t i o n a r y  du r ing  any g iv en  y e a r ,  
p a r t i c u l a r y  where r e c r u i t s  and h a r v e s t s  a re  known to  v a r y  f rom  y e a r  to  
y e a r .  C o m parisons  o f  t o t a l  abundance from y e a r  to  y e a r  i s  no t  u s e f u l  
f o r  p o p u la t io n s  which dem ons tra te  l a r g e  v a r i a t i o n s  in  annual a b u n d a n c e .  
P r o p o r t i o n s  o f  t o t a l  abundance as a f u n c t io n  o f  t im e ,  th e  tim e d e n s i t y ,  
a re  o f t e n  more s t a b l e  th an  th e  tim e s e r i e s  o f  abundance. The concep t of
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6q u a n t i f y in g  m ig r a t io n  i n  term s o f  i t s  tim e d e n s i t y  i s  deve loped  by Mundy 
(1979, 1982). The m ig r a t io n  o f  a  s p e c ie s  may be s o l e l y  d im ensioned w ith  
r e s p e c t  to tim e which does n o t ,  however, im p ly  t h a t  t im e  r e g u l a t e s  o r  
d e t e r m i n e s  th e  m ig r a t io n .  Time i s  a c o n v e n ie n t ly  m easured c o v a r i a t e  of 
v a r i a b l e s  which do in f lu e n c e  th e  m ig r a t io n .
E s t i m a t e s  o f  t h e  t im e  o f  a r r i v a l  o f  members o f  a m ig r a t io n  over
time a r e  b i o l o g i c a l  p a r a m e t e r s  i n d i s p e n s i b l e  t o  m anagem ent p u r p o s e s  
(V aughan 1 9 5 4 ) .  When t h e  p r o b a b i l i t y  a s s ig n e d  to  each t im e i n t e r v a l  
( i . e .  day) o f  th e  m ig r a t io n  i s  th e  p r o p o r t i o n  o f  t h e  t o t a l  p o p u l a t i o n  
a r r i v i n g  on t h a t  g iv en  tim e i n t e r v a l ,  th e  mean and v a r i a n c e  o f  th e  time 
d e n s i ty  d i s t r i b u t i o n  a r e  d e f i n e d  by  s t a n d a r d  s t a t i s t i c a l  p r o c e d u r e s .  
S i m u l a t i o n  p r o c e d u r e s  t h a t  e s t i m a t e  m ig r a to r y  b e h a v io r  from a random 
sample o f  tim e i n t e r v a l s  from a  known d i s t r i b u t i o n  may a l lo w  p r o b a b i l i t y  
s t a t e m e n t s  c o n c e r n in g  t h e  r a n g e  o f  v a l u e s  assumed by th e  d e s c r i p t i v e  
p a ra m e te rs .  In  p a r t i c u l a r ,  th e  perform ance o f  two o f  th e  moments o f  the
t i m e  d e n s i t y ,  n a m e ly  t h e  m ean  a n d  v a r i a n c e ,  c a n  b e  v ie w e d  f o r
r e l i a b i l i t y  by such m ethods.
M i g r a t o r y  t im e  d e n s i t i e s  h a v e  b e e n  d e f i n e d  f o r  p o p u l a t i o n s  o f  
commercial s p e c ie s  o f  f i s h e s  and c r u s t a c e a n s  (Mundy 1 9 7 9 ,  1982 ; Mundy 
and M a th i s e n ,  1981 ; Babcock and Mundy i n  p r e s s ;  and o t h e r s ) .  The time 
d e n s i ty  model p ro v id e s  a  m athem a tica l  d e s c r i p t i o n  o f  m i g r a t o r y  t im in g  
w h i c h  e s t a b l i s h e s  a n  o b j e c t i v e  b a s i s  f o r  c o m p a r i s o n  o f  m i g r a t o r y  
b e h a v io r  between y e a rs  and s p e c i e s .  E xpress ing  abundance as a  f u n c t i o n  
o f  t im e  i s  p o t e n t i a l l y  c o n c e p tu a l ly  m is le a d in g  (Mundy 1979) .  M ig ra to ry  
b e h a v io r  i s  dependent upon endogenous f a c t o r s  which i n  t u r n  a re  m edia ted  
by  exogenous  ones (Banks 1969; L eg g e tt  1977). T h e re fo re ,  abundance and 
t im e  o f  m i g r a t o r y  b e h a v i o r  a r e  r e l a t e d  by t h e  c h a r a c t e r i s t i c  t i m e
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M ig ra to ry  t im in g  i s  a  dynamic annua l  even t  which may be o b j e c t i v e l y  
c a te g o r iz e d  i n to  v a r io u s  d i s c r e t e  g roup ings  such a s  " e a r l y " ,  " a v e r a g e "  
o r  " l a t e "  m i g r a t i o n s  b a s e d  u p o n  t h e  g ra n d  mean and i t s  s a m p l in g  
d i s t r i b u t i o n  f o r  a l l  y e a rs  o f  c a tc h  d a ta  as was done w i th  chinook salmon 
( O n e bo rbvnehus  t-shaw vt-seha) f rom  t h e  Yukon R iver  d e l t a  (Mundy 1982). 
Among t h e  s p e c i e s  s t u d i e d ,  a m i g r a t i o n  i s  c h a r a c te r i z e d  as "slow" o r  
" f a s t " ,  and th e  r e s u l t a n t  d i s p e r s io n  o f  th e  m ig r a t i o n  t h r o u g h  t i m e ,  a s  
measured by th e  v a r i a n c e ,  may be c o r re s p o n d in g ly  b road  o r  na rrow .
The m ig ra to ry  b e h a v io r  o f  salmon f o r  any g iv en  y e a r  i s  com posed o f  
t h e  b e h a v i o r  o f  n u m e r o u s  g e o g r a p h i c  i s o l a t e s ,  e a c h  h a v i n g  a 
c h a r a c t e r i s t i c  m ig ra to ry  t im in g  ( K i l l i c k  1 9 5 5 ) .  Each  y e a r  an  a n n u a l  
t a r g e t  l e v e l  o f  c a t c h  i s  s o u g h t  f o r  t h a t  m ig ra to ry  ru n .  In  o r d e r  to  
a v o id  h a r v e s t i n g  any  one  s t o c k  d i s p r o p o r t i o n a t e l y ,  a n d  t o  i n s u r e  
s u r v i v a l  o f  a spawning escapement from each  time segment, th e  number o f  
f i s h i n g  days i s  o f t e n  r e s t r i c t e d .  T h e re fo re ,  th e  optimun s t r a t e g y  i s  to  
s p r e a d  t h e  c a t c h  p r o p o r t i o n a t e l y  a c r o s s  a l l  t im e  s e g e m e n ts  o f  t h e  
m ig r a t io n .
Each y e a r  m atu r ing  chinook salmon m ig ra te  th rough  th e  w a te rs  o f  th e  
Yukon R iv e r  d e l t a  f ro m  t h e  end  o f  May t o  t h e  f i r s t  o f  S e p t e m b e r .  
A lthough th e  v a s t  m a j o r i t y  o f  m ig r a t io n  (2 .5  -  97.5 %) occu rs  ove r  on an 
average  o f  29 d a y s ,  th e  c e n t r a l  h a l f  o f  th e  p o p u la t io n  (25 -  75 %) p a s s  
t h r o u g h  t h e  h a r v e s t  a r e a  w i t h i n  a  much na rrow er  window o f  t im e .  The 
c e n t r a l  50% o f  an e a r l y  m ig r a t io n  i s  ex p ec ted  to  cover 13 d a y s , w h i le  in  
a  v e r y  f a s t ,  o r  l a t e  m ig r a t io n ,  th e  c e n t r a l  50% may occupy on ly  8 days 
(Mundy 1982). As a r e s u l t ,  th e  e s t im a te s  o f  abundance, m ig ra to ry  t im ing  
and  h a r v e s t  t im in g  become v e r y  c r u c i a l  to  th e  d e c is io n  making p ro c e s s
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te m p o ra l ly  compressed m ig r a t io n s  i s  h e ig h te n e d .
To e s t a b l i s h  a f o r e c a s t i n g  t o o l ,  a  m o d e l  o f  t h e  d a i l y  o r  
c u m u l a t i v e  p r o p o r t io n s  o f  t o t a l  abundance i s  p rep a re d  by averag ing  p a s t  
y e a r s '  p r o p o r t i o n s  o v e r  e a c h  d a y  o f  t h e  m i g r a t i o n  ( W a l t e r s  a n d  
Buckingham  1975 ; H o r n b e r g e r  e t  a l .  1979; Mundy 1979 ) .  Both d a i l y  and 
t o t a l  c a tc h  from obse rved  cum ula tive  c a tc h  can th e n  be compared to  t h i s  
h i s t o r i c a l  p e r f o r m a n c e  to  e s t im a te  t o t a l  abundance o r  y i e l d  th roughou t  
the  season  p ro v id in g  management w i t h  a dynam ic  m ethod  o f  i n t e r s e a s o n  
e s t i m a t e s .  Such e s t i m a t e s  c a n  be  w i l d l y  i n a c c u r a t e  when s h i f t s  in  
t im in g  go u n d e te c te d  (B a r th  1984).
As t h e  f i s h i n g  s e a s o n  p r o g r e s s e s  th e  c u r r e n t  cum ula tive  c a tc h  i s  
com pared  t o  t h e  h i s t o r i c a l  p e r f o r m a n c e  c o n t a i n e d  i n  t h e  a v e r a g e  
c u m u l a t i v e  t im e  d e n s i t y .  As long as th e  h a r v e s t  l e v e l  a t  a g iv en  d a te  
i s  c o n s i s t e n t  w i t h  t h e  e s t a b l i s h e d  g u i d e l i n e s ,  t h e  h a r v e s t  w i l l  
c o n t i n u e .  A c u m u l a t i v e  c a t c h  w h ich  a m a s s e s  a r a t e  which i s  over  o r  
below t h e  t a r g e t  l e v e l  m eans a  r e - a d j u s t m e n t  o f  t h e  num ber o f  open  
f i s h i n g  days ( o p e n e r s ) .
The c l a s s i c  d i le m m a  f o r  m a n a g e r s  i s  to  d i s t i n g u i s h  b e tw e e n  
f l u c t u a t i o n s  i n  abundance and s h i f t s  i n  t im in g .  Are th e  c a tc h e s  to  d a te  
s m a l le r  than  average  due to  a sm a l l  m ig r a t i o n ,  o r  i s  th e  m ig ra t io n  l a t e ?  
I s  th e  m ig r a t io n  more abundant th a n  a v e ra g e ,  o r  d id  th e  m i g r a t i o n  s t a r t  
e a r l y  ? (Mundy 1979).
A s tudy  o f  sam pling problem s w i th  r e s p e c t  to  m ig ra to ry  b e h a v io r  and 
f ix e d  geograph ic  a r e a s  shou ld  improve th e  u n d e r s t a n d in g  and  u t i l i t y  o f  
p r e d i c t i v e  m e t h o d s  e m p l o y i n g  e s t i m a t o r s  b a s e d  on  m i g r a t o r y  t im e  
d e n s i t i e s .  I t  w i l l  c o n t r i b u t e  toward answ ering  th e  q u e s t io n  o f  w h e th e r
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9v a r i a t i o n  observed  i n  t im ing  i s  due to  s a m p l in g  e r r o r  o r  due  t o  r e a l  
f l u c t u a t i o n s  in  th e  t im in g  o f  t h e  m ig r a t io n .
S im u la t io n  p r o c e d u r e s  w h ic h  e s t i m a t e  m i g r a t o r y  b e h a v i o r  f rom  a 
s a m p l e  o f  f i x e d  d i s t r i b u t i o n  w i t h  r e s p e c t  t o  som e f a m i l y  o f  
d i s t r i b u t i o n s  s h o u ld  d e f e a t  t h e  a n a l y t i c a l  p r o b le m s  p o s e d  by  o u r  
i n a b i l i t y  t o  c o n t r o l  t h e  " s a m p l i n g "  o f  m i g r a t i o n s  by  c o m m e rc ia l  
f i s h e r i e s .  Such sam pling i s  n o t  random w i th  r e s p e c t  t o  t h e  m i g r a t i o n .  
H a r v e s t e r s  h a v e  h i s t o r i c a l l y  c o n c e n t r a t e d  f i s h i n g  o p e r a t io n s  i n  th e  
c e n te r  o f  each m ig r a t io n  w h i le  r e g u l a to r s  p e rm it  h a r v e s t s  a t  r e g u l a r l y  
f i x e d  i n t e r v a l s  on  t h i s  c e n t r a l  span of th e  m ig r a t io n .  By sam pling a 
v a r i a b l e  f r a c t i o n  o f  a  known d i s t r i b u t i o n  a t  i n t e r v a l s  which approxim ate  
t h e  b e h a v i o r  o f  a c o m m e rc ia l  f i s h e r y ,  t h e  l i m i t s  t o  th e  accu racy  of 
m ig ra to ry  t im in g  s t a t i s t i c s  can be u n d e rs to o d .




D a ta  w h ich  c a n  b e  u s e d  t o  v a l i d a t e  t h e  s im u la t io n  s tudy  a re  
a v a i l a b l e  in  th e  form o f  d a i l y  c a tc h  d a ta  r e c o rd s  o f  ch inook salmon from 
t h e  Yukon A re a  A nnua l  M anagement R e p o r t  (AMR), A laskan  Department o f  
F i s h  and Game where r e c o rd s  o f  commercial c a t c h  by  d a t e  a r e  a v a i l a b l e  
s i n c e  1 9 6 1 .  The c u m u l a t i v e  t im e  d e n s i t y  (CTD) ( i . e .  th e  time s e r i e s  
w h ic h  i s  t h e  sum o f  t h e  p r o p o r t i o n s  f o r  a t im e  d e n s i t y )  y i e l d s  a 
s i g m o i d a l  c u r v e  r e m i n i s c e n t  o f  t h e  f a m i l y  o f  s y m m e tr ic  c u m u la t iv e  
p r o b a b i l i t y  d e n s i ty  f u n c t io n s  such as th e  l o g i s t i c  m odel  ( F i g .  1 ) .  The 
n o rm a l  p r o b a b i l i t y  d e n s i t y  f u n c t io n  (PDF) i s  used  to  q u a n t i f y  th e  time 
d e n s i t y  (assuming a homogenous p o p u la t io n  o r  s u b p o p u l a t i o n  o f  c h in o o k  
salmon) (F ig .  2 ) .
A r r i v a l  t i m e  i n  t h e  t im e  d e n s i t y  m odel i s  a d i s c r e t e  random 
v a r i a b l e .  The model p r e s c r ib e s  th e  p r o b a b i l i t y  o f  r e a l i z i n g  a s i n g l e  
t im e  o f  a r r i v a l  w i t h i n  a g i v e n  m i g r a t i o n .  To s i m u l a t e  a m ig r a to r y  
sequence a s im ple  random sa m p l in g  p r o c e d u r e  i s  s o u g h t .  The s a m p l in g  
m ust  b e  w i t h o u t  r e p l a c e m e n t  b e c a u s e  a day o f  t h e  m ig r a t io n  can n o t  be 
r e p e a te d .  The p o p u la t io n  o r  s u b p o p u l a t i o n  t o  be sa m p le d  i s  a s s i g n e d  
i n t e g e r s  ( t  = 1 ,  2 , ***  m) in  an a r r a y .  The problem o f  t a k in g  a random 
sample becomes a  problem  o f  g e n e ra t in g  j  random i n t e g e r s  b e tw e e n  1 and  
m. Each  o f  t h e  j i n t e g e r s  m u s t  be  u n i q u e ;  no two must have the  same
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Figure 1. The a v e r a g e  cum ula tive  p r o p o r t io n  o f  t o t a l  c a tc h  as a 
fu n c t io n  o f  t im e (days)  f o r  chinook salmon i n  June and 
J u ly ,  1961-1980 ( a f t e r  Mundy 1982).


















R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Figure 2. The a v e r a g e  o f  t h e  d a i l y  p r o p o r t i o n  o f  c a t c h  f o r  
c h in o o k  sa lm on  i n  J u n e  and J u l y ,  1 9 6 1 -1 9 8 0  ( a f t e r  
Mundy 1982).
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v a l u e .  A s im p le  Monte C a r lo  m ethod  i s  em ployed  t o  c h o o s e  i n t e g e r s  
b e tw e e n  1 and m. A n o n s e q u e n t i a l  p r o c e d u r e  i s  employed to  a l low  f o r  
more f l e x i b i l i t y  o f  th e  s e l e c t i o n  p ro c e s s  w i th  a s m a l l  sam p le  s i z e ,  o r  
where th e  t o t a l  m ig ra t io n  o c c u rs  o v e r  a d i s c r e t e  t im e i n t e r v a l .  This  i s  
a c c o m p l i s h e d  by g e n e r a t i n g  a num ber from Uniform ( 0 ,1 )  and ta k in g  
[U^* m] + 1 (Kennedy and G en t le  1980) .  Each new number i s  th en  checked 
f o r  u n iqueness  a g a in s t  th o se  v a lu e s  a l r e a d y  s e l e c t e d .  In  t h i s  way th e  j 
d a y s  o f  t h e  m i g r a t i o n  w e re  r a n d o m ly  s e l e c t e d  f o r  s a m p l in g  w i t h o u t  
re p la c e m e n t .
The q u e s t io n  o f  randomness o f  th e  number g e n e ra t in g  p ro ce s s  i s  moot 
a c c o r d i n g  t o  Lehmer (1951) and M artin-Lflf  (1 9 6 9 ) .  A lthough th e  number 
s e l e c t i o n  i s  n o t  com ple tly  random, numbers g e n e ra te d  a r e  c re a te d  from a 
random  num ber s e e d .  F o r  t h i s  p u r p o s e  I  adopt th e  a t t i t u d e  o f  Lehmer 
(1951) toward random sequences  "a  vague n o t io n  embodying t h e  i d e a  o f  a 
s e q u e n c e  i n  w h ic h  e a c h  t e r m  i s  u n p r e d i c t a b l e  to  t h e  u n i n i t i a t e d  and 
w h o s e  d i g i t s  p a s s  a c e r t a i n  n u m b e r  o f  t e s t s  t r a d i t i o n a l  w i t h  
s t a t i s t i c i a n s  and depending  some what on th e  u se  to  which th e  sequence 
i s  to  be p u t . "
Time D e n s i ty  and The R a tio  E s t im a to r
The t im e  d e n s i t y  i s  t h e  t im e  s e r i e s  o f  p ro p o r t io n s  produced from 
th e  t im e s e r i e s  o f  abundances p e r  u n i t  time d iv id e d  by  t o t a l  a b u n d a n ce  
f o r  t h e  y e a r .  T h e re fo re ,  th e  time d e n s i ty  i s  th e  r e l a t i v e  abundance o f  
a  m ig r a t in g  p o p u la t io n  as a f u n c t io n  o f  t im e .  The m ig ra to ry  b e h a v io r  i s  
su c h  t h a t  t h e  p r o b a b i l i t y  o f  o c c u r r e n c e  o f  any g iv en  a r r i v a l  t im e i s  
dependent upon th e  l o c a t io n  o f  t h a t  a r r i v a l  t im e r e l a t i v e  to  th e  c e n t r a l
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day o f  m ig ra t io n  (mean) which i s  d e t e r m i n e d  by t h e  d i s p e r s i o n  o f  t h e  
m i g r a t i o n  t h r o u g h  t im e  ( v a r i a n c e ) .  The e m p i r ic a l  tim e d e n s i t y  f o r  th e
where
n t  = abundance, c a tc h ,  o r  GPUE on time i n t e r v a l  t ,
N = t o t a l  annual abundance, c a tc h ,  o r  CPUE
C a tc h  d a t a ,  e v e n  when p r o p o r t i o n a l  to  t o t a l  a b u n d a n c e ,  c a n n o t
r e p r e s e n t  th e  e n t i r e  d u r a t io n  o r  domain o f  t h e  m i g r a t o r y  e v e n t  u n l e s s
f i s h i n g  i s  c o n tinuous  th roughou t  th e  m ig r a t io n .  The annual mean ( t )  o f
th e  c a tc h  o ccu r ing  over  a tim e span o f  m days i s  th e  sum o f  th e  p ro d u c ts
o f  th e  d a i l y  p r o p o r t io n s  d u r in g  each  d i s c r e t e  i n t e r v a l  (Pj.) and th e  time
2
i n t e r v a l  ( t ) .  The v a r i a n c e  o f  th e  c a tc h  i s  r e p r e s e n te d  by St>
The grand  mean f o r  a l l  y e a rs  o f  c a tc h  d a ta  i s  t h e  a v e r a g e  o f  a l l  
t h e  t .  The r e s u l t  i s  a h i s t o r i c a l  perform ance curve  ( F ig .  2 ) .  S ince 
th e  m ig ra to ry  b e h a v io r  i s  conserved  a c r o s s  g e n e r a t i o n s ,  t h e  m i g r a t o r y  
t i m i n g  i s  o b j e c t i v e l y  d i v i d e d  in to  e a r l y ,  av e ra g e ,  o r  l a t e  c a te g o r i e s
time s e r i e s  o f  d a i l y  p ro p o r t io n s  (Pfc) i s  c a l c u l a t e d  as fo l lo w s :
( 1)








The square  r o o t  of S , St ’ t ,  i s  c a l l e d  th e  s ta n d a rd  d e v ia t i o n .
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b ased  on a 95% co n fid e n ce  i n t e r v a l  ab o u t  t h e  g r a n d  mean f o r  a l l  y e a r s  
(Mundy 1982).
P rev ious  salmon m ig r a t io n  s tu d i e s  i n d i c a t e  t h a t  ave rage  p ro p o r t io n s  
ove r  day o f  ru n  i s  th e  o p t im a l  s t r a g e t g y  to  p u r s u e  f o r  m ore  a c c u r a t e  
e s t i m a t e s  o f  m ig ra to ry  b e h a v io r  (H ornberger  e t  a l .  1979; H ornberger and 
M a t h i s e n  1 9 8 0 ,  1 9 8 1 ;  B r a n n i a n  1 9 8 2 ) .  H o w e v e r ,  a v e r a g e  d a i l y  
p r o p o r t i o n a t e  d a t a  d o e s  n o t  sum t o  u n i t y ,  so  i t  c a n n o t  f u l f i l l  t h a t  
r e q u i s i t e  p r o p e r t y  o f  t h e  PD F. I n  o r d e r  t o  r e t r i e v e  t h e  d a i l y  
p r o p o r t i o n s  (Pt ) d i f f e r e n c in g  o f  th e  average  cu m u la tiv e  d i s t r i b u t i o n  i s  
employed:
Pt  = [ Y ( t  + 1) -  Y ( t )  ] (5)
where
Y ( t)  = average  cu m u la tiv e  p r o p o r t io n  on day t ,  and 
Y (t+1) = av e rag e  cum ula tive  p r o p o r t io n  on day t+1
The d e r i v e d  d a i l y  p r o p o r t i o n s  i n  t h e  t e s t  a r e  r e f e r r e d  t o  a s  t h e  
e m p i r ic a l  average  d i s t r i b u t i o n .
F o r  any g i v e n  y e a r  m ig r a to r y  t im in g  i s  u s u a l l y  viewed w i th  r e g a rd  
to  commercial c a tc h  d a t a ,  which i s  analogous to  censo red  sam pling o f  th e  
e n t i r e  m ig r a to n .  The problem o f  censo red  sam pling can be approached by 
sam pling a  known d i s t r i b u t i o n  (PDF) i n  o r d e r  to  exam in  t h e  b e h a v i o r  o f  
th e  e s t im a te s  o f  th e  s t a t i s t i c s  o f  th e  time d e n s i t i e s .
These e s t im a te s  must be s c a le d  to  r e f l e c t  t h e  f a c t  t h a t  t h e  sam p le  
in c lu d e s  on ly  a f r a c t i o n  o f  th e  PDF, and a r e  r e f e r r e d  to  as r a t i o
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e s t i m a t o r s .  I f  t ^ ,  **•» t j  d e n o te s  a s e q u e n c e  o f  randomly s e l e c t e d  
d a te s  (days)  o f  th e  m ig r a t io n ,  n o t  n e c e s s a r i l y  increm ented  by one , 1 , 2 ,  
3 ; and  t h e  t ^  a r e  ra n d o m ly  s e l e c t e d  i n t e g e r  numbers such t h a t
1 < t £  < m, w here  m i s  t h e  a c t u a l  d u r a t i o n  o f  t h e  m i g r a t i o n .  The 
e s t im a te d  mean and v a r i a n c e  f o r  a  random sample o f  j  many tim e i n t e r v a l s  




j  = }  tj. ^  (6)
•S2 = 2  ( t i  " V  Hi  (7)
3 i = l
where:
Hi  = [ p t i  /  }  p t i  1 (7A)
i= l
T h e  may b e  d r a w n  f ro m  a known d i s t r i b u t i o n ,  e m p i r i c a l  o r
t h e o r e t i c a l ,  because  sam pling  f rom  a t im e  d e n s i t y  o r  s a m p l in g  a c t u a l  
n um erica l  m ig ra to ry  t im in g  i s  c o m p u ta t io n a l ly  th e  same.
S ince i t  i s  assumed t h a t  c a tc h  i s  p r o p o r t io n a l  to  t o t a l  a b u n d a n c e ,  
t h e r e  i s  no d i f f e r e n c e  b e tw e e n  t h e  t im e  s e r i e s  o f  c a tc h  and th e  tim e 
s e r i e s  o f  t o t a l  abundance when c o n v e r t e d  t o  p r o p o r t i o n s .  S i m i l a r l y ,  
t h e r e  i s  no d i f f e r e n c e  b e tw e e n  t h e  t im e  s e r i e s  o f  p r o p o r t i o n s ,  H^, 
d e r i v e d  f ro m  s a m p l in g  t h e  t i m e  d e n s i t y  a n d  t h a t  t i m e  s e r i e s  o f  
p r o p o r t io n s  which would have been  d e r iv e d  from c a tc h e s .  The tim e s e r i e s  
o f  c a t c h e s ,  C ^, i s  th e  p ro d u c t  o f  th e  in s ta n ta n e o u s  f i s h i n g  m o r t a l i t y ,
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th e  d a i l y  p r o p o r t io n s ,  and th e  t o t a l  annual abundance.
Ct  = F [ N • Pfc]
s in c e  F and N a re  c o n s ta n t  l e t  F • N = k;
th e  d a i l y  p r o p o r t io n  i s :  k ^  k Pt  = Ht
See E qua tion  7A above. Note t h a t  th e  f i r s t  o f  th e  j  e le m en ts ,  i  = 1 , i s  
no t  n e c e s s a r i l y  th e  f i r s t  time i n t e r v a l  o f  th e  e m p i r ic a l  PDF.
Moments
The f i r s t  f o u r  moments p la y  an  im p o r ta n t  r o l e  in  f i t t i n g  e m p i r ic a l  
d i s t r i b u t i o n s  and approx im ating  th e  d i s t r i b u t i o n s  o f  a random  v a r i a b l e  
(H a h n  and  S h a p i r o  1 9 6 7 ) .  They can  be  u s e d  t o  m e a s u r e  how much an 
o b s e r v e d  f r e q u e n c y  d i s t r i b u t i o n  ( i . e .  a c o n t i n u o u s  p r o b a b i l i t y  
d i s t r i b u t i o n )  d e p a r t s  from n o r m a l i ty  by d e s c r ib in g  th e  s p re a d ,  symmetry 
( o r  a sym m etry )  and p e a k e d n e s s  o f  t h e  d i s t r i b u t i o n .  The n o r m a l  
p r o b a b i l i t y  d e n s i t y  fu n c t io n  i s  used  to  q u a n t i f y  th e  tim e d e n s i ty  o f  a 
h y p o t h e t i c a l l y  hom ogeneous p o p u l a t i o n  o f  c h in o o k  s a lm o n .  A b r i e f  
d i s c u s s i o n  o f  th e  f i r s t  and second moments ( i . e .  th e  mean and v a r i a n c e ,  
r e s p e c t i v e ly )  i s  o u t l i n e d  above. The t h i r d  moment about th e  mean,




u = ^  ( t  -  t )  P t  (8)
t = l
i s  d i v i d e d  by t h e  cube o f  th e  s ta n d a rd  d e v ia t io n  to  y i e l d  a^ a  measure 
o f  skewness. I t  d e s c r ib e s  th e  symmetry o f  th e  f requency  d i s t r i b u t i o n .
a3 = u 3 /  S3 (8A)








t )  P. (9)
i s  d iv id e d  by S to  d e s c r ib e  th e  peakedness o r  k u r t o s i s  o f  th e  f requency  
d i s t r i b u t i o n .
a , = u /  (9A)
4 4
In  c o n ju n c t io n  w ith  th e  v a r i a n c e ,  th e  t h i r d  and  f o r t h  moments p r o v id e  
i n f o r m a t i o n  a b o u t  t h e  s t a b i l i t y  o f  th e  shape o f  th e  tim e d e n s i t y .  For 
exam ple  i f  < o , t h e  u n im o d a l  ( i . e .  a s i n g l e  peaked )  t im e d e n s i ty  
d i s t r i b u t i o n  a t t e n u a t e s  to  t h e  l e f t ,  and  i t  i s  d e s i g n a t e d  n e g a t i v e l y  
s k e w e d .  A t t e n u a t i o n  to  t h e  r i g h t  i s  p o s i t i v e l y  skewed ( > 0 ) and
f o r  s y m m e t r i c  d i s t r i b u t i o n s  = 0 .  A n o rm a l  d i s t r i b u t i o n  h a s  a
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k u r t o s i s  o f  3 ;  t h e r e f o r e ,  > 3 a p p e a rs  s h a rp ly  peaked and i s  termed 
l e p t o k u r t i c .  A l e p t o k u r t i c  t im e  d e n s i t y  i s  i n d i c a t i v e  o f  a  f a s t  
m i g r a t i o n  w h e re  t h e  m ig r a t io n  i s  c o n c e n t ra te d  on a few time i n t e r v a l s .  
I n  a much s low er ( o r  " e a r ly " )  m ig r a t i o n  th e  d i s t r i b u t i o n  i s  p l a t y k u r t i c ,  
o r  f l a t  i n  ap pearance  ( a^  < 3 ) .
V a r ia n c e -E s tim a te s
The o b j e c t i v e  o f  s u r v e y  s a m p l in g  i s  t o  draw  i n f e r e n c e s  about a 
p o p u la t io n  based  on in fo rm a t io n  c o n ta in e d  i n  a s u b s a m p le  o r  com ponent 
p a r t  o f  th e  p o p u la t io n .  In  o r d e r  to  make such in f e r e n c e s ,  e s t im a te s  a r e  
made f o r  c e r t a i n  p o p u l a t i o n  p a r a m e t e r s  u t i l i z i n g  t h e  s u b s a m p le  d a t a  
c o l l e c t e d .  The b a s i c  a s s u m p t i o n  i s  t h a t  t h e  c o m m e rc ia l  c a t c h  i s  
randomly sampled over  th e  complete d u r a t i o n  o f  th e  m ig ra to ry  e v e n t ,  thus  
m ak ing  i t  a n a lo g o u s  t o  a  s u r v e y  s a m p l in g  t e c h n i q u e .  The s t a t i s t i c s  
sought m ost f r e q u e n t l y  f o r  p o p u la t io n  e s t im a te s  a re  th e  p o p u l a t i o n  mean 
and  v a r i a n c e  ( E q u a t i o n s  3 and  4 ,  r e s p e c t i v e l y )  (M e n d e n h a l ,  O t t  and 
S c h a e f f e r  1971).
I t  i s  d e s i r a b l e  f o r  t h e  e s t i m a t e d  m ean , * t j ,  to  be e q u a l  to  th e  
t r u e  p o p u la t io n  p a ra m e te r ,  t :
E ( - t j ) = t  (10)
I f  such a c o n d i t io n  e x i s t s ,  th e  e s t im a te  i s  u n b ia s e d .  O th e rw is e ,  i t  i s  
s a i d  t o  b e  b i a s e d .  I t  i s  a d v a n ta g e o u s  f o r  a b ia s e d  e s t im a to r  to  have
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e x p e c t e d  v a l u e  a t  l e a s t  c l o s e  t o  t h e  p a r a m e t e r  ( t ) ,  an d  a s  sm a l l  a 
v a r i a n c e  as p o s s i b l e .  With a random sample o f  a  f ix e d  sample s i z e  ( j ) ,
a minimal d i f f e r e n c e  betw een th e  v a lu e  o f  th e  e s t im a te  and th e  p a ram ete r
— -  —  2 i s  s o u g h t .  The s t a t i s t i c  * t j  t h a t  m inim izes E [ ( ' t j  -  t )  ] i s  th e  one
w i th  th e  minimum mean sq u a re  e r r o r  (MSE): 
m c
MSE = /  ^  ( (11)
J = 1  b .^1
c
where c i s  th e  number o f  t im es  * t j  i s  c a l c u l a t e d  ( i . e .  b = 1 ,  2 ,  • • •  c ) .  
The MSE i s  g iv en  by:
MSE = V ariance  + (B ias )^  (12)
The b i a s  i s  c a l c u l a t e d  a s :  
m c
}  1 ** j  -  tb i a s  = bti._ J . (13)
I f  t h e  b i a s  i s  r e l a t i v e l y  s m a l l  and th e  MSE approx im ates  th e  v a r ia n c e  
(E q u a tio n  2 0 ) ,  an a p p ro x ia te  95% c o n f i d e n c e  i n t e r v a l  f o r  t h e  a v e r a g e  
a r r i v a l  t im e  can be  c a l c u l a t e d  a s ,
t  i  2 [ MSE ]1^2 (14)
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The sample v a r i a n c e  o f  th e  f i n i t e  p o p u la t io n  ( t* P fc = g t ) i s  d e f in e d
a s :
m
S2 = )  <gt  ~ G)2 /  (m -  1) (15)8 *- 
t= l
where
6  = j L
m
T h e r e  a r e  a f i n i t e  num ber o f  ways o f  e s t i m a t i n g  t  b a s e d  on  j  many
samples o f  th e  d i s t r i b u t i o n .  From a sample o f  39 o u t  o f  a p o s s i b l e  40
d a t e s ,  t h e r e  a re  40 ways o f  c a l c u l a t i n g  th e  e s t im a te ,  *t j ; t h e r e  a re  780
ways o f  e s t i m a t i n g  t  f rom  a sam p le  o f  38 d a t e s ,  and as th e  number of
d a te s  sampled d e c r e a s e s ,  t h e  number o f  p o s s ib l e  com binations i n c r e a s e s .
The num ber o f  d i s t i n c t  s u b s e t s  o r  p o s s ib l e  com binations  o f  j  e lem ents
f rom  a s e t  o f  m e le m e n t s  i s  d e s c r i b e d  by  t h e  b a s i c  c o m b i n a t o r i a l
theorem , C . ,  where:
® 3
mCj = ■ m 1 = < j  ) (16)
( m - j) !  j l
The v a r i a n c e  o f  t h e  mean g f rom  a s im p le  random sample i s  tak e n  
o v e r  a l l  samp i es> as fo l lo w s ;
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V(g) = E (g -  G)2 = -  g ( 1 - f ) (17)
j
i s  c a l c u a l t e d  from E quation  15, and f  i s  th e  sampling
f r a c t i o n  ( j / m ) .  F o r  a r a n d o m  s a m p l e  o f  s i z e  j ,  f r o m  a f i n i t e  
p o p u la t io n ,  th e  f i n i t e  p o p u la t io n  c o r r e c to n  e q u a t io n  ( 1 - f )  i s  u sed .
F re q u e n t ly ,  th e  q u a n t i t y  t h a t  i s  e s t i m a t e d  f rom  a s im p le  random  
sa m p le  i s  t h e  r a t i o  o f  two v a r i a b l e s  b o t h  o f  which v a ry  from u n i t  to  
u n i t .  The p o p u la t io n  p a ram ete r  to  be e s t im a te d  i s  th e  r a t i o ;
from e q u a t io n s  3 and 6 ,  r e s p e c t i v e l y .
A c c o r d in g  t o  C och ran  (19 7 7 ) ,  i f  t h e r e  i s  a  c o r r e l a t i o n  between g t  
and P t , t h e  r a t i o  e s t im a to r  ( * t j )  a l lo w s  f o r  in c re a s e d  p r e c i s io n  o f  th e  
e s t im a to r  from a randomly s e l e c t e d  sam p le  by  t a k i n g  a d v a n ta g e  o f  t h e  
c o r r e l a t i o n .  S in c e  g and P v a r y  f rom  sample to  sample, th e  sampling 
d i s t r i b u t i o n  o f  * t j  i s  m ore c o m p l i c a t e d  t h a n  t h a t  o f  g .  I n  s m a l l  
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b i a s e d  e s t i m a t e  o f  t .  I n  l a r g e  samples * t j  ten d s  tow ards n o rm a l i ty  and 
b i a s  becomes n e g l i g i b l e .
The q u e s t io n  rem a in s ,  "How c o n f id e n t  a re  we in  th e  e s t im a te s  o f  t ? "  
In  t h i s  p a r t i c u l a r  c a s e ,  th e  subsample i s  th e  commercial c a tc h  d a t a  and 
i t  i s  random ly  sampled. The known d i s t r i b u t i o n  i s  th e  annual c a tc h  d a ta  
a s  d e s c r i b e d  a b o v e .  The v a r i a n c e  o f  th e  r a t i o  e s t i m a t o r ,  V ( * t j ) ,  and 
th e  c on fidence  l i m i t s  o f  th e  e s t im a te d  mean o f  th e  subsampled c a tc h  d a ta  
( • t j )  a r e  c a l c u l a t e d  as fo l lo w s  from Cochran (1977):
m
v ( - t j ) = d L z _ L   ^ (gt -  R*xt )2 (20)
j ’X t=i -------—
m -  1
where
f = j/m 
R = t
x t  = P t  
m
X2 = [ ^  P t  /  m ] 2 
t = l
N o te  t h a t  t h e  c u m u l a t i v e  sum o f  Pt  = 1 w here  t  = 1 ,  2 • • •  m because
sam pling i s  made from th e  h i s t o r i c a l  d i s t r i b u t i o n  o f  a known d u r a t i o n ,
_2
m. T h e r e f o r e ,  t h e  v a l u e  X e q u a l s  t h e  r a t i o  o f  one  d i v i d e d  by th e  
sq u a re  o f  th e  d u r a t io n  o f  th e  m ig ra to ry  even t  (1 /m )2 .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 4
The v a r i a n c e  o f  t h e  r a t i o  e s t i m a t e  above  c a n  b e  s i m p l i f i e d  to  
y i e ld :
The a b o v e  e q u a t i o n  i s  c o m p o s e d  o f  t h e  p r o d u c t  o f  two b a s i c  
q u a n t i t i e s .  One i s  a f u n c t io n  o f  th e  r a t i o  o f  th e  number o f  days i n  th e  
m i g r a t i o n  (m) t im e  t h e  d i f f e r e n c e  between m and th e  subsample s i z e  j ,  
( m - j ) ,  a l l  d iv id e d  by th e  subsample s i z e  j .  The s e c o n d  i s  t h e  sum o f  
th e  p ro d u c ts  o f  th e  d a i l y  p r o p o r t io n  (P t ) and th e  sample e s t im a te  o f  th e  
v a r ia n c e  o f  th e  t o t a l  c a tc h  v a r i a n c e  ( E q u a t i o n  4 )  a l l  d i v i d e d  by  t h e  
t o t a l  number o f  days i n  th e  m ig r a t io n  (m) minus 1.
The approx im ate  95% c o n f i d e n c e  l i m i t s  ( o r  e r r o r  b o u n d s )  f o r  t h e  
e s t im a te d  subsample mean (E q u a tio n  6) i s :
Normal- D i s t r i b u t i o n
A f a m i l y  o f  d i s t r i b u t i o n s  c a l c u l a t e d  from th e  normal p r o b a b i l i t y
m
v(-tj)  = Y pt2 -  t )2
j  t = l  - ________ _
m -  1
( 21 )




d e n s i t y  f u n c t i o n ,  N ( t , p , o  ) i s  u s e d  t o  s tu d y  c o n f i d e n c e  l i m i t s
a s s o c i a te d  w i th  tim e d e n s i ty  e s t i m a t e s .
- ( t - p ) 2 /  2o2
-oo < t  < “  ( 2 3 )e
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The dependen t v a r i a b l e ,  Pt , o f  t h e  curve  f o r  any g iv e n  v a lu e  o f  t h e  time 
v a r i a b l e  ( i . e .  day )  i s  t h e  d e n s i t y .  D e n s i t y  r e f e r s  t o  t h e  r e l a t i v e  
c o n c e n t r a t i o n  o r  f r e q u e n c y  o f  t h e  v a r i a t e  a long  th e  Y -a x is  ( r e f e r  to  
F i g .  2 ) .  I n  t h i s  e x p re s s io n  d e n s i t y  i s  a f u n c t io n  o f  t h e  v a r i a b l e  m, as 
d e f i n e d  e a r l i e r .  The r e m a in d e r  o f  t h e  e q u a t i o n  i s  com posed o f  two 
c o n s t a n t s  and  two p a ra m e te r s .  The c o n s ta n t s  a re  n ,  and e ,  t h e  b a s e  of 
n a t u r a l  l o g r i t h m s .  The p a r a m e te r s  in  th e  normal p r o b a b i l i t y  f u n c t io n  
a r e  th e  mean, g , and s ta n d a rd  d e v i a t i o n ,  a.  They de te rm in e  t h e  l o c a t i o n  
a n d  s h a p e  o f  t h e  d i s t r i b u t i o n .  A b i o l o g i c a l l y  r e a l i s t i c  r a n g e  o f  
p a ra m e te r  v a l u e s  i s  u s e d  t o  s i m u l a t e  t h e  t im e  d e n s i t i e s  o f  P a c i f i c  
salmon.




The fo l lo w in g  i s  a  d e s c r i p t i o n  o f  r e s u l t s  o f  e s t i m a t e s  b a s e d  on 
s a m p le s  f ro m  d a i l y  p r o p o r t i o n s  o f  e m p i r i c a l  c a t c h  d a t a ,  a fam ily  o f  
d i s t r i b u t i o n s ,  (N ( t  ) , and e m p i r ic a l  CPUE d a ta .  The s tu d ie s  a re
d i v i d e d  i n t o  t h r e e  g e n e r a l  c a t e g o r i e s .  The f i r s t  s e c t i o n  d e a ls  w i th  
r e s u l t s  p e r t a in i n g  to  t h e  h i s t o r i c a l  perfo rm ance  d a ta  f o r  chinook salmon 
o f  t h e  Yukon R iv e r  d e l t a ,  t h e  e m p i r ic a l  p r o b a b i l i t y  d e n s i t y  f u n c t io n .  
S e c t io n  two c o n ta in s  th e  r e s u l t s  b a s e d  on e s t i m a t e s  made by  sa m p l in g  
d i s t r i b u t i o n s  g e n e r a t e d  by v a r i a t i o n  o f  t h e  p a ra m e te rs  o f  th e  normal 
curve  (E qua tion  23 ) .  S e c t io n  t h r e e  d e a l s  s p e c i f i c a l l y  w i t h  p l a c i n g  a 
c o n f i d e n c e  i n t e r v a l  on  e s t i m a t e s  o f  t h e  mean d a t e s  o f  m ig ra t io n  f o r  
Yukon R iv e r  ch inook, 1961-1980 by r e f e r e n c e  to  th e  annual e m p i r ic a l  tim e 
d e n s i t i e s .  The m e t h o d s  e m p lo y e d  on  e a c h  d i s t r i b u t i o n  ( a v e r a g e  
e m p i r i c a l ,  norm al, and annual e m p i r ic a l )  a r e  th e  same.
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S t a t i - s t i c s  Based on E m p ir ic a l  Average M ig ra to ry  Time 
D e n s i t i e s  f o r  Chinook Salmon
A r a n d o m  s a m p le  o f  d a y s  ( j )  i s  t a k e n  f ro m  a p o p u l a t i o n  whose 
d i s t r i b u t i o n  i s  e s t a b l i s h e d  from h i s t o r i c a l  c a tc h e s  by d i f f e r e n c i n g  t h e  
a v e r a g e  c u m u l a t i v e  p r o p o r t i o n  o f  c h in o o k  c a t c h  f o r  th e  Yukon R iv e r ,  
1961-1980 (Mundy 1982, Table 1 ,  column A v e r a g e ) .  B o th  t h e  p o p u l a t i o n  
mean and v a r i a n c e  a re  known, as w e l l  as th e  d u r a t i o n  o f  th e  m ig r a t io n  (m 
= 40) ( T a b le  1 ) .  An exam ple  o f  a sam p le  i s  p r e s e n t e d  t o  c o m p a r e  
e s t im a te d  v a lu e s  o f  s t a t i s t i c s  o f  m ig ra to ry  b e h a v io r  (T ab le  2 ) .  I n  t h i s  
p a r t i c u l a r  sample s e r i e s  e l e v e n  d a y s  ( j  = 11)  c o n s t i t u t e s  t h e  t o t a l  
i n f o r m a t i o n  a v a i l a b l e  f o r  th e  e s t im a t io n  o f  th e  s t a t i s t i c s  o f  m ig ra t io n  
f o r  th e  " m ig ra to ry  y e a r " .  As seen  in  Table  2 , th e  sample c o n t a i n s  o n l y  
28% o f  t h e  a c t u a l  t o t a l  m i g r a t i o n  f o r  t h e  y e a r  s a m p le d .  A l l  o t h e r  
f i g u r e s  and t a b l e s  r e f l e c t  t h i s  b a s i c  form at where j  = 1 , 2 • • •  m, and m 
i s  th e  t o t a l  number o f  days d u r in g  which th e  m ig r a t io n  i s  in  th e  a r e a  o f  
th e  f i s h e r y .  The e s t im a te s  o f  th e  mean, v a r i a n c e ,  skewness and k u r t o s i s  
f o r  a s in g l e  sample r e p r e s e n t i n g  e a c h  o f  t h e  p o s s i b l e  num ber o f  d ays  
sampled ( j  = 1 ,  2 • • •  40) i s  p r e s e n te d  in  Table  3 f o r  com parison .
The e s t im a te d  mean d a te  o f  m ig r a t io n  as a f u n c t io n  o f  th e  number o f  
m i g r a t o r y  days randomly sampled ro ugh ly  resem b les  a s in e  f u n c t io n  (F ig .  
3 ) .  The f u n c t i o n  h a s  a h o r i z o n t a l  s h i f t  o f  n u n i t s  dependent on th e  
numbers o f  days randomly sampled. When j  i s  sm a l l  and th e  days s e le c te d  
a r e  a t  th e  t a i l s  o f  th e  f requency  d i s t r i b u t i o n ,  t h e  mean o f  t h e  sam p le
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Table 1 . The e m p i r ic a l  a v e r a g e  d i s t r i b u t i o n  f o r  c a t c h e s  o f  c h in o o k  
sa lm on  from  th e  Yukon d e l t a  (1961-1980) w ith  a mean = 1 9 .9 8 ,  v a r ia n c e  = 
4 8 .3 2 ,  skewness = -0 .1 4 6 8  and k u r t o s i s  = 2 .599  ( a f t e r  Mundy 1982).
mig
day
d a i l y
p r o p o r t io n
cum ula tive
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Table  2. E leven  d a y s  ( j  = 11 )  ran d o m ly  sa m p le d  f ro m  t h e  e m p i r i c a l  
a v e r a g e  d i s t r i b u t i o n  o f  ch inook salmon from th e  Yukon d e l t a ,  1961-1980, 
and the  s t a t i s t i c s  o f  th e  sam ple .
day
sampled
d a i l y
p r o p o r t io n
cum ula tive












Sample Mean = 19.07 
Sample V ariance  = 49.68 
Sample Skewness = 0.0699 
Sample K u r to s i s  = 0.5578
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Table 3 .  E s t im a te s  o f  t h e  mean, v a r i a n c e ,  skewness and  k u r t o s i s ,  and 
th e  p r o p o r t io n  a c t u a l l y  samapled f o r  a s in g l e  sample o f  v a r i a b l e  number 
o f  d a y s ,  j  ( j  = 1 ,  2 ,  • • •4 0 )  randomly sampled from th e  average  e m p ir ic a l  
tim e d e n s i t y  o f  Table  1 .
numb
samp
mean v a r ia n c e p ro p o r t
sampled
skewness k u r t o s i s
1 38 .00* 0.00000 .00130 0.0000 0.0000
2 23.45* 0.24817 .11330 0.0195 0.1166
3 18.01 49.56530 .07320 -0 .0898 0.1878
4 17.98* 42.63885 .10720 0.0283 0.3715
5 19.81 15.41090 .20030 0.0492 1.1171
6 21.77 35.55632 .16140 -0 .0368 0.5154
7 21.70 36.17059 .21590 -0 .1237 0 .5814
8 18.11 61.99905 .16220 0.0680 0.3655
9 17.45* 34.98511 .25390 -0 .0081 0 .8544
10 19.69 50.16952 .27840 -0 .0785 0.5733
11 19.07 49.68363 .28130 0.0699 0.5578
12 20.01 45.71186 .34800 0.0603 0.7182
13 19.60 54.55591 .27040 0.0779 0.6137
14 19.04 62.44611 .36220 0.0135 0.6158
15 18.90 44.48259 .40880 -0 .0 6 1 4 1.0447
16 22.06* 45.46752 .41090 -0 .3837 1.4014
17 18.50 44.41541 .40140 -0 .0042 1.2990
18 22.90* 46.13504 .42190 -0 .3643 1.3914
19 21.66 34.84987 .54050 -0 .1883 1.5850
20 19.72 47.53914 .51370 -0 .3087 1.4566
21 18.63 47.95924 .44270 0.0565 1.3768
22 19.46 48.35612 .55620 0.0345 1.3865
23 19.44 46.96298 .63730 0.1017 1.6265
24 21.05 43.91569 .50250 -0 .1757 1.9066
25 20.22 55.88401 .58040 -0 .1225 1.3985
26 19.15 43.84364 .72060 0.0271 2.0269
27 20.58 45.11890 .79620 -0 .1470 1.9880
28 19.09 48.16703 .72440 -0 .0736 1.8393
29 19.74 43.31541 .78720 -0 .1499 2.1373
30 19.82 48.79308 .75240 -0 .1465 1.8931
31 20.96 44.44000 .83340 -0 .3583 2.4419
32 19.58 54.75487 .72230 -0 .0211 1.6454
33 19.39 45.05930 .86780 0.0027 2.3696
34 19.92 51.84190 .83390 -0 .0693 2.0275
35 19.79 53.18855 .79760 -0 .1091 2.0137
36 20.50 49.93339 .85720 -0 .2067 2.2861
37 19.76 51.14442 .87610 0.0232 2.1209
38 20.00 49.07147 .93880 -0 .2030 2.4217
39 19.69 47.16466 .95980 -0 .1001 2.6088
40 19.98 48.32053 .99090 -0 .1468 2.5999
* v a lu e  exceeds o r  f a l l s  below th e  approxim ate  95% 
c o n fid en ce  i n t e r v a l  on the  t r u e  mean; 18-22.
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Figure 3. The mean t im e  d e n s i t i e s  ( * t . )  c o rre sp o n d in g  to  the  
p o s s ib l e  number o f  days r a n d o m l ^  sam pled, j _ ( j  = 1> 2, 
• • •  40 )  and  t h e  c a l c u l a t e d  g r a n d  mean ( t m) o f  t h e  
p o p u la ta io n  ( 1 9 .9 8 ) .



















0 i i i i I i i i i | i I I i I I i I I I
0 10 20 30 U 0
NUMBER OF DAYS SAMPLED
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
32
t im e d e n s i ty  ( * t j )  may be w e l l  above o r  below th e  p o p u la t io n  mean o f  th e  
d i s t r i b u t i o n  r e s u l t i n g  i n  a  b ro a d e r  a m p l i t u d e .  As t h e  num ber o f  d ays  
sampled approaches th e  p o p u la t io n  s i z e ,  m, th e  wave f u n c t io n  dampens and 
th e  observed  v a lu e s  match th e  e x p e c te d  p o p u la t io n  mean ( j  = m ).
F o l lo w in g  t h e  p r o c e d u r e s  o f  Mundy (1 9 8 2 ) ,  th e  e s t im a te d  means can 
b e  u s e d  t o  o b j e c t i v e l y  d i v i d e  t h e  a n n u a l  m i g r a t i o n s  o f  " e a r l y " ,  
" a v e r a g e " ,  o r  " l a t e "  c a t e g o r i e s  based  on th e  approx im ate  95% condidence 
i n t e r v a l  about th e  grand mean which i s  18 -  22 i n  t h i s  c a s e .  E s t im a t e d  
mean v a l u e s  be lo w  t h e  lo w e r  bound a r e  c o n s id e re d  " e a r l y " ,  w h i le  means 
above the  upper bound a r e  c a te g o r iz e d  as  " l a t e " .  Means t h a t  f a l l  i n s id e  
th e  i n t e r v a l  a re  c o n s id e re d  " a v e ra g e " .  There a r e  s i x  examples o f  sample 
means t h a t  f a l l  o u t s i d e  th e  " a v e r a g e "  c a t e g o r y  ( T a b le  3 ) .  The f i r s t  
f o u r  s e r i e s  ( j  < 5) may n o t  b e  e x p e c t e d  t o  show c o n s e r v a t io n  o f  th e  
e s t im a te s  because  o f  the  sm a ll  sample s i z e .  However, i n  t h i s  p a r t i c u l a r  
s e r i e s  o f  r a n d o m ly  s a m p le d  " f i s h i n g  y e a r s " ,  one  o f  t h e  f i r s t  f o u r  
e s t i m a t e s  h a p p e n s  t o  f a l l  w i th in  th e  expec ted  i n t e r v a l .  When j  > 5 ,  
th e  mean time d e n s i t i e s  u s u a l l y  f a l l  w i t h i n  t h e  c o n f i d e n c e  i n t e r v a l .  
The o t h e r  t h r e e  e s t i m a t e s  t h a t  l i e  o u t s id e  th e  95% i n t e r v a l  r e p r e s e n t  
random  s a m p le s  w h ic h  h a p p e n  t o  f a l l  a t  t h e  t a i l s  o f  t h e  m i g r a t o r y  
d i s t r i b u t i o n  . I f  a  sa m p le (s )  i s  t a k e n  v e ry  e a r l y  in  t h e  d i s t r i b u t i o n ,  
an e a r l y  m ig r a t io n  i s  e s t im a te d .  On th e  o t h e r  hand , i f  th e  sam ple(s)  i s  
t a k e n  more to w a rd  t h e  end  o f  t h e  m ig r a t i o n ,  th e  e s t im a te d  means f a l l  
w i t h i n  th e  " l a t e "  c a te g o ry .  T h e re fo re ,  samples t a k e n  a t  e i t h e r  end o f  
t h e  d i s t r i b u t i o n  te n d  to  weigh th e  t im e  d e n s i t y  in  th e  d i r e c t i o n  o f  the  
sample which i s  p a r t i c u l a r l y  l i k e l y  t o  o c c u r  when t h e  sa m p le  s i z e  i s  
s m a l l ,  s a y  l e s s  t h a n  5 .  The sp re a d  betw een th e  range  l i m i t s  o f  * t j  i s  
b r o a d e s t  when th e  sample s i z e  i s  sm a l l  due to  th e  c o m b in a to r ia l
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p r o p e r t i e s  ( E q u a t i o n  1 6 )  ( F i g .  4 ) .  H o w e v e r ,  a s  t h e  n u m b e r  o f  
c o m b in a t io n s  (mCj) d e c re a s e s  w i th  in c r e a s in g  sample s i z e ,  th e  sp read  o f  
* t j  d e c re a s e s .
D e v i a t i o n s  f ro m  t h e  e x p e c t e d  v a l u e s  ( r e s i d u a l s )  f o r  a s e r i e s  o f
r u n s  w here  j  = 1 ,  2 ,  • • •  40 i s  shown i n  T a b le  4  ( F i g .  5 ) .  I t  i s  a
m ir r o r  image o f  t h e  mean t im e  d e n s i t y  g r a p h  ( F i g .  3 ) .  The s t a n d a r d
e r r o r  ( s t a n d a r d  d e v i a t i o n  o f  t h e  mean) shows a d e c re a s e  s i m i l a r  to  an
e x p o n e n t ia l  decay as  th e  sample s i z e  ( j )  i n c r e a s e s  ( F i g .  6 ) .  T h e re  i s
an  i n i t i a l  w id e  d i s p l a c e m e n t  o f  th e  s ta n d a rd  e r r o r  l i m i t s  w i th  on ly  a
few o b s e ra b le  days r e c o rd e d .  Once 10 o r  11 days a r e  sa m p le d  t h e  c u rv e
becomes more c o n s e r v a t iv e  and s t a b l e .
The e s t im a te s  o f  th e  v a r i a n c e  th e  m ig r a t io n  a r e  n o t  as c o n s e rv a t iv e
as  th e  e s t im a te s  o f  th e  mean ( F ig .  7 ) .  There i s  a b road  v e r t i c a l  s h i f t
above and below th e  p o p u la t io n  v a r i a n c e  o f  4 8 .3 2 .  The l i m i t s  range  form 
2 2S = 15 to  S > 6 2  f o r  j  < 2 0 .  I t  i s  n o t  u n t i l  50% o f  t h e  e n t i r e
d i s t r i b u t i o n  i s  sampled t h a t  th e  v a r ia n c e  s e t t l e s  to  th e  na rrow er  l i m i t s  
2
o f  S b e tw e e n  43 and 5 6 .  The c o rre sp o n d in g  r e s i d u a l s  o f  th e  v a r ia n c e  
a re  seen in  F ig u re  8 .
The e s t i m a t e s  o f  skewness show l i t t l e  c o n s e r v a t io n  ( F ig .  9 ) .  The 
v a lu e s  tend  to  o s c i l l a t e  abou t t h e  normal (a^ = 0) showing th e  w e igh ting  
i n f l u e n c e  o f  d a y s  sa m p le d  a t  t h e  t a i l s  o f  t h e  d i s t r i b u t i o n .  The 
k u r t o s i s  shows a f l a t t e n e d  a p p e a r a n c e  w i t h  s m a l l  sa m p le  s i z e s  and 
a p p r o a c h e s  a  n o rm a l  (a^  = 3) o n ly  as  th e  sample s i z e  ( j )  approaches 40 
(T ab le  3 ) ( F i g .  1 0 ) .  The ch inook d i s t r i b u t i o n  i s  s l i g h t l y  p l a t y k u r t i c  
( F i g .  2 ) ;  t h e r e f o r e ,  any sample s i z e  would show an e x a g g e ra t io n  o f  the  
f l a t t n e s s  o f  th e  d i s t r i b u t i o n  due to  sam pling c e n s o r s h ip .
The mean s q u a r e  e r r o r  (MSE) i s  e q u a l  t o  t h e  v a r i a n c e  p l u s  t h e
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Figure 4. Twenty random c o m b in a t io n s  o f  * t j  ( j  = 1, 2 , • • •  40) 
f o r  t h e  d i s t r i b u t i o n  o f  c h in o o k  s a lm o n ,  1 9 6 1 -1 9 8 0  
(mean = 19 .9 8 ,  v a r i a n c e  = 4 8 .3 2 ) .
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Table  4 .  E s t im a te s  o f  t h e  s t a n d a r d  d e v i a t i o n  ( e r r o r )  o f  t h e  m ean , 
r e s i d u a l  o f  th e  mean, and r e s i d u a l s  o f  th e  v a r i a n c e  f o r  a s in g l e  sample 
o f  v a r i a b l e  number o f  d a y s ,  j  ( j  = 1 ,  2 ,  • • •  40) randomly sampled from 
th e  e m p i r ic a l  d i s t r i b u t i o n .
numb
samp
mean s ta n d a rd
e r r o r
mean
r e s i d u a l
v a r ia n c e
r e s i d u a l
1 38.00 0.00000 -18 .01978 48.32053
2 23.45 0.35226 -3 .47697 48.07236
3 18.01 4.06470 1.96383 -1 .24477
4 17.98 3.26492 1.99235 5.68168
5 19.81 1.75561 0.16844 32.90963
6 21.77 2.43435 -1 .79425 12.76421
7 21.70 2.27315 -1 .72103 12.14994
8 18.11 2.78386 1.87048 -13 .67852
9 17.45 1.97161 2.53477 13.33542
10 19.69 2.23986 0.28877 -1 .84899
11 19.07 2.12525 0.90983 -1 .36310
12 20.01 1.95175 -0 .03415 2.60867
13 19.60 2.04856 0.38444 -6 .23538
14 19.04 2.11197 0.94240 -14 .12558
15 18.90 1.72206 1.08296 3.83794
16 22.06 1.68574 -2 .08208 2.85301
17 18.50 1.61638 1.47698 3.90512
18 22.90 1.60096 -2 .92331 2.18549
19 21.66 1.35433 -1 .67824 13.47066
20 19.72 1.54174 0.25626 0.78139
21 18.63 1.51122 1.35519 0.36129
22 19.46 1.48257 0.52211 -0 .03559
23 19.44 1.42894 0.54432 1.35755
24 21.05 1.35271 -1 .07192 4.40484
25 20.22 1.49511 -0 .23515 -7 .56348
26 19.15 1.29857 0.82812 4.47689
27 20.58 1.29270 -0 .59891 3.20163
28 19.09 1.31158 0.88842 0.15350
29 19.74 1.22214 0.24191 5.00512
30 19.82 1.27532 0.15951 -0.47255
31 20.96 1.19731 -0 .97730 3.88053
32 19.58 1.30809 0.40456 -6 .43434
33 19.39 1.16852 0.59015 3.26123
34 19.92 1.23481 0.06392 -3 .52137
35 19.79 1.23275 0.19211 -4 .86802
36 20.50 1.17773 -0 .51861 -1 .61286
37 19.76 1.17570 0.22471 -2.82389
38 20.00 1.13638 -0 .02223 -0 .75094
39 19.69 1.09970 0.29226 1.15587
40 19.98 1.09910 0.00000 0.00000
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Figure 5. The r e s i d u a l s  f o r  t h e  mean tim e d e n s i t i e s  ( * t . )  about 
t h e  p o p u l a t i o n  mean ( t  ) o f  19 .98  f o r  chinooli salmon 
(1961 -1980 ) .  m
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Figure 6. The p o p u la t io n  mean ( t m = 19 .98) o f  chinook salmon and 
th e  s ta n d a r d  d e v ia t i o n  o f  t h e  mean ( s t a n d a r d  e r r o r )  
f o r  t h e  number o f  m ig ra to ry  days randomly sampled.
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Eigure 7. T h e ^ d e g re e  o f  d i s p e r s i o n  o f  m i g r a t i o n  th ro u g h  time 
( * S . )  a b o u t  th e  p o p u la t io n  v a r i a n c e  (S = 48 .330) f o r  
chii?ook salmon (1961-1980) . m
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Figure 8. 2T h e  r e s i d u a l s  o f  t h e  v a r i a n c e  ( * S . )  a b o u t  t h e  
p o p u l a t i o n  v a r i a n c e  ( S  ) f o r  c h i n o o k  s a lm o n  
(1961-1980). m
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Figure 9. Skew ness  v a l u e s  f o r  t h e  num ber o f  ran d o m ly  sampled 
d a y s  j  ( j  = 1 ,  2 • • •  4 0 )  v s  t h e  t h i r d  moments about 
t h e  p o p u l a t i o n  mean ( - 0 . 1 4 6 8 )  v a l u e  f o r  c h i n o o k ,  
1961-1980.
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Figure 10. K u r t o s i s  v a l u e s  f o r  t h e  num ber o f  ran d o m ly  sampled 
d a y s  j ( j  = 1 ,  2 • • •  40) vs th e  f o u r t h  moments about 
t h e  p o p u l a t i o n  mean ( 2 . 5 9 9 )  f o r  c h i n o o k  s a l m o n ,  
1961-1980.
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square  o f  a b i a s  c a l c u l a t i o n  (E q u a tio n  1 2 ) .  I f  t h e  b i a s  i s  s m a l l ,  t h e  
MSE o f  a  b ia s e d  e s t im a to r  can  be a b e t t e r  approx im ation  o f  th e  v a r i a n c e .  
Based on m u l t i p l e  r e p e t i t o n s  s e e n  i n  T a b le  5 t h e  MSE r a p i d l y  becom es 
minimal and s t a b l e  when as few as  s ix  o r  seven  days a re  randomly sampled 
( F ig .  1 1 ) .  The b i a s  rem ains  r e l a t i v e l y  c o n s e r v a t iv e  w i t h  r a n g e  l i m i t s  
between - 0 . 4  and 0 .3  ( F ig .  1 2 ) .  The l i m i t s  s e t t l e  to  w i th in  + 0 .1  a f t e r  
j  > 10 . T h e r e f o r e ,  th e  b i a s e d  e s t im a te  o f  th e  MSE i s  a  b e t t e r  e s t im a te  
( F ig .  13) th an  th e  sample v a r i a n c e  because  i t  m in im iz es  t h e  d i f f e r e n c e  
b e tw e e n  t h e  o b s e r v e d  and  t h e  e x p e c t e d  v a l u e s  o f  t h e  average  a r r i v a l  
t im e .  As r e s u l t ,  a r e l i a b l e  ran g e  o r  95% co n fidence  i n t e r v a l  ( E q u a t i o n  
14) i s  c o n s t r u c te d  to  encompass th e  expec ted  average  a r r i v a l  t im e  o f  th e  
m ig r a t io n  ( F ig .  1 4 ) .
The r a t i o  e s t i m a t o r  i s  a b i a s e d  e s t i m a t o r  a c c o r d i n g  to  Cochran 
( 1 9 7 7 ) .  T h e re  i s  a good c o r r e l a t i o n  betw een g fc and P ( F ig .  1 5 ) .  The 
v a r i a n c e  e s t i m a t e ,  V ( * t j ) ,  f ro m  E q u a t io n s  20 and 2 1 ,  a l s o  i s  an  
a p p r o p r i a t e  e s t i m a t o r  ( T a b le  6) f o r  t h i s  s t u d y  e v e n  t h o u g h  i t  i s  
g e n e r a l l y  a s s o c i a te d  w ith  l a r g e  sample s i z e s .  I t  o f f e r s  a much narrow er  
con fid en ce  w ith  12 % o r  l e s s  o f  t h e  m i g r a t o r y  days  s a m p le d  t h a n  t h e  
b i a s e d  MSE o f th e  r a t i o  e s t im a te  above. O therw ise ,  th e  v a r i a n c e  o f  th e  
r a t i o  e s t im a to r  i s  o n ly  s l i g h t l y  more c o n s e r v a t iv e  t h a n  t h e  b i a s e d  MSE 
e s t im a te  f o r  random samples g r e a t e r  th a n  12 %.
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T a b le  5 .  C a l c u l a t i o n s  f ro m  300 r e p e t i t i o n s  f o r  t h e  m e a n  t i m e  
d e n s i t y  ( * t j ) ,  c u m u l a t i v e  p r o p o r t i o n s ,  b i a s  and mean sq u a re  e r r o r  
(MSE) o f  th e  r a t i o  e s t i m a t o r ,  and th e  MSE f o r  th e  u n b i a s e d  e s t i m a t o r  






propor b i a s
- ..........MSE
b ia s e d unb iased
1 20.237 0.02482 0.257 143.693 308.503
2 19.568 0.05133 -0 .4 1 2 44.617 150.296
3 20.074 0.07607 0 .094 21.519 97.561
4 19.775 0.10179 -0 .2 0 5 13.112 71.193
5 19.757 0.12603 -0 .223 10.192 55.372
6 19.681 0.15117 -0 .2 9 9 7.683 44.825
7 19.825 0.16917 -0 .1 5 5 6.467 37.292
8 19.923 0.19527 -0 .057 5.689 31.641
9 20.144 0.22850 0 .164 4.362 27.247
10 19.901 0.24309 -0 .0 7 9 3.858 23.731
11 20.032 0.27294 0.052 3.010 20.854
12 20.043 0.29589 0.063 2.949 18.457
13 20.001 0.31400 0.021 2.525 16.429
14 20.011 0.34817 0.031 2.551 14.691
15 20.049 0.37339 0.069 2.099 13.184
16 19.926 0.39856 -0 .0 5 4 1.825 11.865
17 19.926 0.42282 -0 .0 5 4 1.844 10.702
18 19.956 0.44073 -0 .0 2 4 1.482 9.668
19 20.038 0.46429 0.058 1.395 8.743
20 19.997 0.49880 0.017 1.228 7.910
21 19.945 0.52128 -0 .0 3 5 1.151 7.157
22 19.991 0.54958 0.011 1.001 6.472
23 20.001 0.56940 0.021 0.873 5.847
24 19.965 0.59572 -0 .0 1 5 0.800 5 .274
25 19.870 0.61727 -0 .1 1 0 0.909 4.746
26 20 .004 0.63982 0 .024 0.607 4.259
27 19.957 0.66841 -0 .0 2 3 0.546 3.809
28 19.976 0.69213 -0 .0 0 4 0.482 3.390
29 19.982 0.72016 0.002 0.458 3.000
30 19.908 0.74182 -0 .0 7 2 0.352 2.637
31 20.018 0.76876 0.038 0.330 2.297
32 19.957 0.79020 -0 .0 2 3 0.328 1.978
33 20.010 0.81815 0.030 0.250 1.678
34 19.965 0.84253 -0 .0 1 5 0.176 1.396
35 19.961 0.86809 -0 .0 1 9 0.171 1.130
36 19.974 0.89307 -0 .006 0.136 0.879
37 19.991 0.91653 0.011 0.096 0.641
38 19.976 0.93946 -0 .0 0 4 0.057 0.416
39 19.993 0.96817 0.013 0.029 0.203
40 19.980 0.99090 0.000 0.000 0.000
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Figure 11. The m ean  s q u a r e  e r r o r  f o r  s i m u l a t i o n  r u n s  (300  
r e p e t i t i o n s )  o f  * t ;  ( j  = 1 ,  2 • • •  40)  f o r  C h inook  
salm on, 1961-1980.
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Figure 12. The b i a s  o f  t h e  r a t i o  e s t im a to r  f o r  * t j ,  as j  = 1,  2 
• • • 4 0  f o r  chinook salmon.
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Figure 13. C o m p a r i s o n  o f  t h e  b i a s  MSE and t h e  u n b i a s  s a m p le  
v a r i a n c e  o f  t h e  a v e r a g e  a r r i v a l  t im e  f o r  c h i n o o k  
salm on, 1961-1980.
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Figure 14. T he a p p r o x i m a t e  95% c o n f i d e n c e  i n t e r v a l  f o r  t h e  
av e ra g e  a r r i v a l  t im e  o f  c h in o o k  s a lm o n ,  1 9 6 1 -1 9 8 0 ,  
based  on th e  b i a s e d  e s t im a te  o f  th e  MSE.













NUMBER OF DAYS SAMPLED
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Figure 15. C o r r e l a t i o n  d ia g r a m  o f  g vs Pt  f o r  each o f  t h e  tim e 
i n t e r v a l s  t  f o r  chinook salmon.
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Table  6: The bound on th e  e r r o r  o f  e s t im a t io n  f o r  t h e  a v e r a g e  a r r i v a l
t im e  f o r  t h e  e m p i r i c a l  a v e r a g e  d i s t r i b u t i o n  (mean = 19 .9 8 ,  v a r i a n c e  = 
4 8 .3 2 )  w i t h  t h e  lo w e r  and  u p p e r  b o u n d s  and t h e  v a r i a n c e  e s t i m a t o r ,  
V ( * t ; )  f o r  a s i n g l e  sa m p le  o f  a  v a r i a b l e  number o f  d a y s ,  j  ( j  = 1 , 2 , 







v a r ia n c e
e s t im a to r
1 38.000* 6.609 33.351 44.694
2 23.457 10.648 29.313 21.774
3 18.016 12.461 27.499 14.134
4 17.988 13.557 26.403 10.314
5 19.812 14.316 25.645 8.022
6 21.774 14.884 25.077 6.494
7 21.701 15.332 24.629 5.403
8 18.110 15.698 24.262 4.584
9 17.445 16.007 23.954 3.947
10 19.691 16.272 23.689 3.438
11 19.070 16.504 23.457 3.021
12 20.014 16.710 23.251 2.674
13 19.596 16.895 23.066 2.380
14 19.038 17.062 22.898 2.128
15 18.897 17.216 22.744 1.910
16 22.062 17.358 22.602 1.719
17 18.503 17.490 22.471 1.550
18 22.904 17.613 22.347 1.401
19 21.658 17.729 22.231 1.267
20 19.724 17.839 22.121 1.146
21 18.625 17.944 22.017 1.037
22 19.458 18.044 21.917 0.938
23 19.436 18.140 21.821 0.847
24 21.052 18.232 21.728 0.764
25 20.215 18.322 21.639 0.688
26 19.152 18.409 21.551 0.617
27 20.579 18.495 21.466 0.552
28 19.092 18.579 21.382 0.491
29 19.738 18.662 21.299 0.435
30 19.821 18.744 21.216 0.382
31 20.958 18.827 21.134 0.333
32 19.576 18.910 21.051 0.287
33 19.390 18.994 20.966 0.243
34 19.916 19.081 20.880 0.202
35 19.788 19.171 20.789 0.164
36 20.499 19.267 20.694 0.127
37 19.756 19.371 20.590 0.093
38 20.002 19.489 20.471 0.060
39 19.688 19.637 20.323 0.029
40 19.980 19.980 19.980 0.000
* v a lu e  exceeds o r  f a l l s  below th e  a p p ro x ia te  
95% c o n f id e n t  l e v e l  o f  th e  t r u e  mean, 18-22.
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S im u la t io n s  Based o n - V a r ia t io n s  o f  t h e  P aram e te rs  o f  a  Normal Curve
The m ig ra to ry  time d e n s i ty  o f  th e  salmon p o p u la t io n s  i n  q u e s t io n  i s
s l i g h t l y  skewed to  th e  r i g h t  and p l a t y k u r t i c ;  however, i t  has a m ig a to ry
a r r i v a l  t im e  t h a t  i s  d i s t r i b u t e d  " n o r m a l l y " .  The d a i l y  p r o p o r t io n s
c a lc u la t e d  from th e  normal cu rve  in  Table  7 have t h e  same mean ( 1 9 . 9 8 )
and  v a r i a n c e  ( 4 8 . 3 2 )  a s  t h a t  o f  t h e  d a i l y  a b u n d a n c e s  ta k e n  from th e
a v e r a g e  c a t c h  d a t a  ( T a b le  1) f o r  c h in o o k  sa lm o n  i s  a  f a i r l y  g o o d
a p p r o x i m a t io n  o f  t h e  e m p i r i c a l  c a s e  ( F i g .  1 6 ) .  A f a m i l y  o f  normal
d i s t r i b u t i o n s  i s  th e n  used  to  s im u la te  m ig r a t io n s  as may be a n t i c i p a t e d
i n  a r e a l  f i s h e r y  f o r  e a r l y  o r  l a t e  m ig r a t io n s .
In  t h i s  p ro ced u re  th e  mean i s  f ix e d  a t  19 .98 , w h i le  th e  v a r i a n c e  i s
a l lo w e d  to  v a r y  w i t h i n  t h e  b i o l o g i c a l l y  r e a l i s t i c  l i m i t s  o f  4 and 81
(Table  8 ) .  T ru n c a t io n  i s  s im u la te d  by s e l e c t i n g  o n l y  a l i m i t e d  num ber
o f  d a t e s ,  form 1 to  40 , from which to  e s t im a te  th e  moments o f  m ig ra to ry
t im in g .  ( T ru n c a t io n  in  p r a c t i c e  occu rs  when th e  f i s h e r y  b e g in s  a f t e r  th e
m i g r a t i o n  h a s  a l r e a d y  b e g u n  t o  p a s s  t h r o u g h  t h e  f i s h e r y  a n d /o r  ends
b e fo r e  th e  end o f  th e  m ig r a t i o n ) .  At a v a r i a n c e  g r e a t e r  t h a n  1 6 ,  t h e
t h i r d  and  f o u r t h  moments s t a r t  s t r a y in g  from " n o rm a l i ty " .  An average
2 2m ig ra t io n  c o rre sp o n d s  to  S = 36, w i th  S = 81 as  an e a r l y  m ig r a t io n  and 
2
S = 4 as  a f a s t  o r  l a t e  m ig ra t io n  ( F ig .  17 ) .
A s e r i e s  o f  random  s a m p le s  i s  t a k e n  f r o m  a s i m u l a t e d  e a r l y
m ig ra t io n  (S2 = g l ^  ^  conj u n c t io n  w i th  th e  f i r s t  f o u r  moments f o r  each 
s e r i e s  (T ab le  9 ) .  The s i m u l a t e d  r u n  shows a p a t t e r n  s i m i l a r  t o  t h e  
e m p i r ic a l  c a tc h  d a ta  f o r  th e  mean tim e d e n s i t i e s ,  * t j .  When j  < 5 , * tj
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T ab le  7 .  The t h e o r e t i c a l  d a i l y  and c u m u l a t i v e  p r o p o r t i o n s  f o r  t h e  
n o r m a l  d i s t r i b u t i o n  w i t h  a  mean o f  1 9 . 9 8  and  a v a r i a n c e  o f  4 8 .3 2  
(skewness = 0 .0 2 2 7 ,  k u r t o s i s  = 2 .5729) f o r  each day o f  th e  m ig r a t io n .
m igr d a i l y  cum
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Figure 16. The a v e r a g e  e m p i r ic a l  d i s t r i b u t i o n  f o r  chinook salmon 
(1961-1980) and th e  t h e o r e t i c a l  d a i l y  p ro p o r t io n s  from 
t h e  n o rm a l  d i s t r i b u t i o n  (mean = 1 9 . 9 8 ,  v a r i a n c e  = 
4 8 .3 2 ) .
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Table 8 .  The skewness and k u r t o s i s  o f  a s im u la t io n  runs  s a m p lin g  f rom 
th e  normal d i s t r i b u t i o n  w i th  v a r i a b l e  v a r ia n c e s  and f ix e d  mean.
run v a r ia n c e skewness k u r t o s i s
1 4 .00 0.0000 3.0000
2 6 .25 0.0000 3.0000
3 9.00 0.0000 3.0000
4 12.25 0.0000 3.0000
5 16.00 0.0000 2.9995
6 20.25 0.0004 2.9956
7 25.00 0.0018 2.9787
8 30.25 0.0049 2.9344
9 36.00 0.0099 2.8502
10 42.25 0.0164 2.7221
11 49.00 0.0233 2.5551
12 56.25 0.0300 2.3602
13 64.00 0.0356 2.1503
14 72.25 0.0399 1.9368
15 81.00 0.0428 1.7288
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Figure 17. The d e g r e e  o f  d i s p e r s i o n  f o r  t h e  s i m u l a t i o n  o f  th e  
normal d i s t r i b u t i o n  w i th  a mean o f  19.98 and a v a ry in g  
v a r i a n c e  o f  4 ,  36 & 81.
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Table  9 .  E s t im a te s  o f  th e  mean, v a r i a n c e ,  skewness and  k u r t o s i s ,  and 
t h e  a c t u a l  p r o p o r t i o n  sampled f o r  a  s in g l e  sample o f  a v a r i a b l e  number 
o f  days ,  j  ( j  = 1, 2 ,  • • •  40) from th e  normal ( N (19 .98 , 8 1 ) ) .
numb
samp
mean v a r ia n c e cum
p ro p o r t
skewness k u r t o s i s
1 38.00* 0.00000 .00597 0.0000 0.0000
2 23.49* 0.24988 .08202 0.0036 0 .0822
3 16.12* 60.88733 .06806 -0 .0409 0.0966
4 18.59 58.47407 .10842 0.0385 0.2988
5 19.38 26.07786 .17974 -0 .0597 0.6929
6 21.12 50.71992 .16204 -0 .0143 0.5453
7 20.52 54.05957 .19725 -0 .1237 0 .4984
8 17.95* 84.00241 .18046 0.0877 0.3717
9 17.12* 45.68141 .24376 0.0422 0.8473
10 19.29 63.54867 .25644 -0 .0393 0.5878
11 19.51 66.30579 .27188 0.1558 0 .6804
12 19.67 58.07852 .33908 0.0521 0.7220
13 20.47 79.83409 .27231 0.0855 0.6518
14 19.66 75.25538 .34554 0.0265 0.6345
15 18.77 59.47541 .38909 0.0200 1.0435
16 21.51 64.21320 .39920 -0 .2292 1.1093
17 19.20 70.43275 .40189 0.1234 1.0958
18 22.26* 67.87337 .42936 -0 .2 0 6 4 1.1234
19 22.16* 51.76008 .49345 -0 .1243 1.6139
20 18.89 66.39848 .48403 -0 .0934 1.2141
21 19.50 77.80145 .45518 0.1436 1.1945
22 19.66 66.46213 .54902 0.1003 1.3526
23 19.93 62.40416 .60556 0.1101 1.4707
24 21.54* 73.10823 .51822 -0 .0983 1.5021
25 20.76 79.03404 .55729 -0 .1022 1.2859
26 19.22 59.90459 .70187 0.1155 1.7557
27 20.76 59.48333 .72386 -0 .0873 1.7818
28 18.99 65.73619 .70558 0.0363 1.6982
29 19.56 60.67577 .74848 0.0106 2.0173
30 19.60 68.05205 .73164 0.0133 1.8173
31 20.63 62.12874 .80069 -0 .2343 2.1093
32 19.77 75.76431 .74350 0.1160 1.6746
33 19.45 62.24505 .83405 0.1327 2.2844
34 20.18 71.86739 .81507 0.0300 1.8906
35 20.02 77.48796 .79196 0.0129 1.8354
36 20.68 72.10738 .84455 -0 .0746 2.0606
37 19.95 72.08089 .88105 0.1158 2.0674
38 19.98 69.49659 .91603 -0 .0037 2.2552
39 19.81 68.08844 .94673 0.0801 2.4126
40 20.06 68.47686 .97356 0.0268 2.4174
* v a lu e  exceeds o r  f a l l s  below th e  approxim ate  95% c o n fid en ce  
i n t e r v a l  on th e  t r u e  mean, 18 -  22.
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d oes  n o t  f a l l  w i t h i n  t h e  a p p r o x i m a t e  95% i n t e r v a l  f o r  a n  a v e r a g e
c a t e g o r y .  T h re e  a d d i t i o n a l  s e r i e s  ( th o s e  w i th  9 , 18 , and 24 randomly
sampled days)  a ls o  f a l l  o u t s id e  th e  ave rage  l i m i t s  (two be in g  be lo w  and
t h e  o t h e r  above  t h e  i n t e r v a l ) .  As w i t h  t h e  e m p i r i c a l  d a t a ,  random
samples ta k e n  a t  e i t h e r  t a i l  o f  th e  d i s t r i b u t i o n  tend  to  weigh t h e  t im e
d e n s i t y  away from  t h e  c e n t r a l  mass o f  th e  d i s t r i b u t i o n .  As th e  number
o f  ra n d o m ly  s e l e c t e d  days i n c r e a s e s ,  th e  sp read  o f  ' t j ' s  dec reased  and
t h e y  become c lu s t e r e d  about th e  p o p u la t io n  mean, t ,  w i th  fewer o u t l i e r s
( F i g .  1 8 ) .  As w i t h  th e  chinook salmon d a t a ,  th e  S and a^ v a lu e s  have
b r o a d  f l u c t u a t i o n s  w i th  th e  changing sample s i z e s .  The f o u r th  moment,
a ^ ,  a p p r o a c h e s  n o r m a l i t y ,  b u t  t r u n c a t i o n  o f  th e  d a ta  p re v e n ts  i t  from
r e a c h i n g  th e  v a lu e  a^ = 3 ,  f o r  a  normal c u rv e .  I t  i s  im por tan t  to  n o te
t h a t  w i th  t r u n c a t i o n  o f  th e  d i s t r i b u t i o n  th e  mean t im e  d e n s i t y  r e m a in s
r e l a t i v e l y  unchanged (20.06 to  1 9 .9 8 ) .  This c o n s e rv a t io n  i s  due to  th e
symmetry o f  th e  d i s t r i b u t i o n ;  h o w e v e r ,  t h e r e  a p p e a r s  t o  be an u n d e r
e s t i m a t i o n  o f  t h e  d i s p e r s i o n  o f  t h e  d i s t r i b u t i o n .  The v a r i a n c e  i s  
2
c a l c u l a t e d  a t  S = 6 8 .5  r a t h e r  t h a n  t h e  v a r i a n c e  o f  81. This may be 
expec ted  from a t ru n c a te d  d a ta  s e t .
A s e r i e s  o f  random samples tak e n  from a s im u la te d  " l a t e "  m ig ra t io n
2
(S = 4) a r e  p r e s e n t e d  i n  T a b le  10 w i t h  j  = 1 ,  2 ,  • • • 4 0 .  In  t h i s  
p a r t i c u l a r  s e r i e s ,  o n l y  f i v e  ( 5 )  o f  t h e  f o r t y  s e r i e s  h av e  mean t im e  
d e n s i t i e s  o u t s id e  th e  "av e rag e"  c a te g o ry .  Those f i v e  o u t l i e r s  a l l  o ccu r  
when s e v e n  o r  f e w e r  days a re  randomly sampled ( j  < 7 ) .  A l l  b u t  one o f  
th e  examples f a l l s  below the  " a v e r a g e "  t im e  d e n s i t y .  T h is  i s  due  to  
s a m p l in g  a t  t h e  t a i l s  o f  t h e  d i s t r i b u t i o n  where no c a tc h  i s  r e p o r te d  
( i . e .  P t  = 0 ) ,  and g fc = 0 f o r  t h a t  time i n t e r v a l .  The spread  o f  th e  
sample means f o r  th e  p o s s ib l e  com bina tions  (mCj) about th e  p o p u la t io n
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Figure 18. Twenty (20) random com binations  f o r  each * t j  as j  = 1, 
2 • • •  40 f o r  t h e  n o rm a l  d i s t r i b u t i o n  (mean = 1 9 .9 8 ,  
v a r i a n c e  = 8 1 ) .
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Table  10. E s t im a te s  o f  th e  mean, v a r i a n c e ,  skewness and k u r t o s i s ,  and 
t h e  a c t u a l  p r o p o r t i o n  sampled f o r  a  s i n g l e  sample o f  a v a r i a b l e  number 
o f  days ,  j  ( j  = 1 , 2 ,  • • •  40) from th e  normal ( N (19 .98 , 4 ) ) .
numb
samp
mean v a r ia n c e cum
p ro p o r t
skewness k u r t o s i s
1 21 .00 0.00000 .17515 0.0000 0.0000
2 12.00* 0.00000 .00007 94.9039 129328308.0000
3 11.00* 0.00028 .00001 0.0116 15.9889
4 16.67* 0.62973 .07700 -0 .1 6 8 2 0.4773
5 25.62* 5.95095 .00228 -0 .0 1 2 1 0.0679
6 21.52 3.26838 .12918 -0 .4 0 9 5 1.5648
7 16.00* 1.99212 .03024 0.1935 1.5690
8 20.37 3.49256 .36335 -0 .0033 0.7635
9 19.25 1.70962 .26533 -0 .2 9 4 2 0.8006
10 20.66 3.18983 .36283 -0 .0 6 5 4 0.8254
11 19.52 3.00374 .52826 0.2418 1.8193
12 19.73 16.98001 .05670 0.0050 0.0616
13 20.92 1.35168 .44738 0.6890 2.3911
14 19.72 3.89044 .33322 -0 .1 3 3 5 0.8645
15 20.08 3.32999 .59900 -0 .7 4 7 5 2.2338
16 20.57 7.79787 .28585 -0 .1753 0.4979
17 21.00 6.59842 .26107 -0 .2 3 4 3 0.6505
18 20.02 1.55487 .57163 0.2590 6.2520
19 21.90 1.17698 .39431 0.0606 3.6855
20 20.80 4.25809 .48645 -0 .1 4 8 9 1.3616
21 20.51 3.57914 .53882 -0 .1636 2.0647
22 20.12 2.29950 .82445 0.2859 3.1057
23 19.88 4.90713 .57758 0.2780 1.1181
24 20.09 6.88213 .34722 -0 .0 9 9 2 0.6199
25 20.03 7.55786 .43641 0.0042 0.6444
26 19.60 3.06675 .47972 -0 .5733 1.7658
27 20 .24 4.34853 .81397 -0 .1 7 5 2 2.2146
28 20.17 3.68644 .72929 0 .3128 2.2400
29 20.38 4.77664 .52247 -0 .3 9 5 4 1.4691
30 20.05 3.50806 .81165 -0 .1 4 4 4 3.0669
31 20.02 3.47318 .81099 -0 .2549 2.9969
32 20.07 3.27808 .90774 -0 .1497 3.3317
33 19.82 2.97020 .89797 -0 .0 6 4 5 3.0541
34 19.99 3.90745 .99729 0.0275 2.8815
35 19.70 3.91351 .88022 0.2418 3.0359
36 20.02 4.19524 .67363 0 .0108 2.0491
37 20.09 3.64755 .97239 0.0811 3 .0274
38 19.77 3.60876 .93621 0.0491 3.2335
39 19.98 3 .99584 .99993 0.0036 2.9886
40 19.98 4.00000 1.00000 0.0000 3.0000
* v a lu e  exceeds o r  f a l l s  below approx im ate  95% c o n fid en ce  
i n t e r v a l  on th e  t r u e  mean; 18 -  22.
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mean o f  19.98 i s  b road  ( F ig .  1 9 ) .  Values f o r  th e  mean a r e  i n i t i a l l y  more 
v a r i a b l e  f o r  a l a t e  m ig r a t io n  th a n  an average  one; however, once about 
10 days have been  s a m p le d ,  t h e  l a t e  m i g r a t i o n  h a s  m ore  c o n s e r v a t i v e  
v a l u e s  ( F i g .  2 0 ) .  The v a r i a n c e  v a lu e s  show f a r  more c o n s e r v a t io n  f o r  a 
narrow d i s p e r s io n  th a n  f o r  th e  b ro a d e r  v a r i a n c e  ( F i g .  2 1 ) .  The v a l u e s  
f o r  t h e  moments a^ and a^  o s c i l l a t e  more r a d i c a l l y  w i th  changing sample 
s i z e  f o r  f a s t  m ig ra t io n s  as compared to  th e  average  o r  e a r l y  m i g r a t i o n s  
( F i g u r e s  22 & 2 3 ,  r e s p e c t i v e l y ) .  I t  shou ld  be no ted  t h a t  th e  r e l a t i v e  
m agnitude o f  th e  k u r t o s i s  v a lu e s  mean l i t t l e .  What i s  i m p o r t a n t  i s  i f  
th e  a^ v a lu e s  a r e  above o r  below th e  ex p e c te d ,  a^ = 3 .
The b ia s e d  e s t im a te  o f  th e  MSE f o r  m u l t i p l e  r e p e t i t i o n s  o f  c a t c h  
d a t a  f o r  t h e  n o rm a l  ( N (19 .98 , 81 ))  (Tab le  11) i s  v e ry  s i m i l a r  t o  t h a t  
f o r  chinook p r e s e n te d  i n  Table  6 ,  above. The approx im ate  95% c o n fid en ce  
i n t e r v a l  based  on th e  b ia s e d  MSE a l s o  i s  s im i la r  in  shape ( F ig .  2 4 ) .  On 
t h e  o t h e r  h a n d ,  t h e  MSE o f  a  b i a s e d  e s t i m a t e  f o r  a l a t e  m i g r a t i o n  
i n i t a i l l y  i s  b r o a d e r  t h a n  e i t h e r  an e a r l y  o r  average  m ig r a t io n  (T ab le  
1 2 ) .  However, i t  r a p i d l y  becomes more c o n s e r v a t i v e  ( F i g .  25)  and  t h e  
c o n f i d e n c e  i n t e r v a l  f o r  th e  l a t e  m ig r a t io n  l i e s  w i t h in  th e  i n t e r v a l  f o r  
an average  o r  e a r l y  m ig r a t io n  when th e r e  a re  as few as  9 o r  10 r a n d o m ly  
sam p led  days  ( F i g .  2 6 ) .  On th e  o t h e r  hand, th e  v a r i a n c e  e s t im a te s  f o r  
an e a r l y  m ig r a t io n  based  on c a tc h  p ro p o r t io n s  from th e  normal ( N (19 .98 , 
8 1 ) )  r e m a in  much l a r g e r  a s  co m pared  t o  v a r i a n c e  e s t im a te s  f o r  a l a t e  
m ig r a t io n  (N (1 9 .9 8 ,  4 ) )  (T ab le  1 3 ) .
The s l o p e  o f  t h e  c u m u la t iv e  (perfo rm ance)  curve  i s  r e l a t e d  to  th e  
v a r i a n c e  o f  th e  t im e d i s t r i b u t i o n  o f  c a tc h .  The w ider  v a r i a n c e s  show a 
sh a l lo w e r  s lo p e  as compared to  th e  s te e p  s lo p e  o f  a  sm all  v a r i a n c e  ( F ig .  
2 7 ) .
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Figure 19. Twenty (20) random com binations  f o r  each * t j  as j  = 1, 
2 • • •  40 f rom  t h e  norm al d i s t r i b u t i o n  (mean = 19 .98 , 
v a r ia n c e  = 4 ) .
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Figure 20. Sam ple m eans ,  * t j  ( j  = 1 , 2 • • •  40) from sampled d a ta  
s e t s  f o r  th e  normal d i s t r i b u t i o n  w i th  a mean o f  1 9 .9 8  
and v a r i a n c e s  o f  4 and 81.
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Figure 21. 2S am ple  v a r i a n c e s ,  ’ S j  w here  j  = 1 ,  2 • • •  4 0 )  f ro m  
sampled d a ta  s e t s  o f  t h e  n o rm a l  d i s t r i b u t i o n  w i t h  a 
p o p u la t io n  mean o f  19.98 and v a r ia n c e s  o f  4 and 81.
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Figure 22. T h i r d  moments ( a ^ )  a b o u t  t h e  mean from sampled d a ta  
s e t s  j  ( j  = 1 ,  2 • • •  4 0 )  o f  t h e  norm al d i s t r i b u t i o n  
w i th  a mean o f  19.98 and v a r y i n g  v a r i a n c e s  o f  4 and 
81.
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Figure 23. F o u r t h  moments ( a ^ )  about th e  mean from sampled d a ta  
s e t s  j  ( j  = 1 ,  2 • • •  4 0 )  o f  t h e  normal d i s t r i b u t i o n  
w ith  a mean o f  19.98 and v a r y i n g  v a r i a n c e s  o f  4 and 
81.
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T a b le  1 1 .  The a v e r a g e  t im e  o f  a r r i v a l  ( * t j ) ,  cu m u la tiv e  p r o p o r t io n s ,  
b i a s ,  m e a n _ s q u a re  e r r o r  (MSE), and  t h e  a p p r o x i m a t e  95% c o n f i d e n c e  
i n t e r v a l  ( t  + 2 [M SE]1 '2) as  sampled from th e  normal ( N (19 .98 , 81 ))  to  







p ro p o r t b ia s MSE
c onfidence  
i n t e r v a l  
lower upper
1 19.817 0.02421 -0 .1 6 3 135.510 0.000 40.000
2 20.397 0.04637 0.417 46.000 6.415 33.545
3 20.192 0.06971 0.212 28 .554 9.293 30.667
4 19.768 0.10019 -0 .2 1 2 15.592 12.083 27.877
5 20.394 0.12064 0 .414 11.918 13.075 26.885
6 20.070 0.14786 0.090 8.337 14.205 25.755
7 20.022 0.16848 0.042 7.920 14.352 25.608
8 20.115 0.19835 0.135 6.423 14.911 25.049
9 19.942 0.22283 -0 .0 3 8 4 .834 15.583 24.377
10 19.946 0.24360 - 0 .0 3 4 4 .419 15.776 24.184
11 20.028 0.27075 0.048 4 .2 1 4 15.875 24.085
12 20.244 0.29268 0 .264 3.663 16.152 23.808
13 20.074 0.31754 0 .094 2.916 16.565 23.395
14 20.047 0.34462 0.067 2.356 16.910 23.050
15 20.049 0.36913 0.069 2.360 16.908 23.052
16 19.979 0.38528 -0 .0 0 1 2.556 16.782 23.178
17 20.140 0.40625 0.160 1.827 17.277 22.683
18 20.123 0.43839 0.143 1.659 17 .404 22.556
19 20.104 0.46247 0 .124 1.752 17.333 22.627
20 19.922 0.48421 -0 .0 5 8 1.484 17.543 22.417
21 20.080 0.50748 0.100 1.195 17.794 22.166
22 20.049 0.53924 0.069 1.019 17.961 21.999
23 20.120 0.56094 0.140 1.031 17.949 22.011
24 20.039 0.58280 0.059 0.871 18.113 21.847
25 20.006 0.60807 0.026 0.826 18.163 21.797
26 20.132 0.63505 0 .152 0.626 18.398 21.562
27 20.068 0.65905 0.088 0.700 18.307 21.653
28 20.039 0.68085 0.059 0.605 18.424 21.536
29 20.018 0.70815 0.038 0 .564 18.478 21.482
30 20.073 0.72950 0.093 0.523 18.534 21.426
31 20.098 0.75524 0.118 0.386 18.738 21.222
32 20.042 0.77558 0.062 0.352 18.794 21.166
33 20.084 0.80616 0 .104 0.280 18.921 21.039
34 20.051 0.82473 0.071 0.255 18.971 20.989
35 20.071 0.85237 0.091 0.197 19.092 20.868
36 20.075 0.87690 0.095 0.133 19.252 20.708
37 20.029 0.90178 0.049 0.107 19.326 20.634
38 20.066 0.92558 0.086 0 .078 19.421 20.539
39 20.065 0.94871 0.085 0.040 19.579 20.381
40 20.060 0.97362 0.080 0.006 19.820 20.140
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Figure 24. The approx im ate  95% c o n f id e n ce  i n t e r v a l  f o r  th e  normal 
( N (19 .98 ,81 )  based  on th e  b ia s e d  e s t im a te  o f  th e  MSE.



















NUMBER OF DAYS SAMPLED
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
67
T a b le  12 .  The a v e r a g e  t im e  o f  a r r i v a l  ( * t j ) ,  cum ula tive  p r o p o r t i o n s ,  
b i a s ,  mean s q u a r e  e r r o r  (MSE), and  an a p p r o x i m a t e  95% c o n f i d e n c e  
i n t e r v a l  ( t  + 2 [M S E ]* /2 )  a s  sampled from th e  normal ( N (19 .98 , 4 ) )  to  




a v e r
mean
cum
p ro p o r t b ia s MSE
conf idence  
i n t e r v a l  
lower upper
1 9.447 0.02338 -10 .533 216.165 0.000 40.000
2 14.234 0.05238 - 5.746 129.354 0.000 40.000
3 17.919 0.07775 - 2.061 57.924 4.758 35.200
4 19.355 0.10506 - 0.625 37.072 7.803 32.157
5 19.215 0.12604 - 0.795 24.088 10.164 29.796
6 19.791 0.13631 - 0.189 15.417 12.127 27.833
7 19.740 0.16580 - 0.240 11.208 13.284 26.676
8 19.734 0.21185 - 0.246 5.613 15.242 24.718
9 20.118 0.22820 0.138 4.058 15.951 24.001
10 19.967 0.24806 - 0.013 2.671 16.711 23.249
11 19.834 0.27811 - 0.146 3.083 16.468 23.492
12 19.937 0.29533 - 0.043 1.863 17.250 22.710
13 19.820 0.31801 - 0.160 2.002 17.98 22.810
14 19.994 0.36988 0 .014 1.157 17.829 22.131
15 19.981 0.38400 0.001 0.921 18.061 21.899
16 20.008 0.40518 0.028 0.835 18.046 21.914
17 19.954 0.44326 - 0.026 0.790 18.202 21.758
18 19.921 0.45788 - 0.059 0.625 18.399 21.561
19 19.998 0.47476 0.018 0.653 18.364 21.596
20 19.950 0.51838 - 0.030 0.405 18.707 21.252
21 20.054 0.51009 0 .074 0.407 18.704 21.256
22 19.972 0.56110 - 0.008 0.305 18.875 21.085
23 19.969 0.57167 - 0.011 0.396 18.721 21.239
24 19.976 0.61294 - 0 .004 0.207 19.070 21.890
25 19.950 0.62395 - 0.030 0.297 18.890 21.070
26 19.968 0.65003 - 0.012 0.226 19.030 20.930
27 19.979 0.66842 - 0.001 0.199 19.080 20.870
28 19.964 0.70090 - 0.016 0 .184 19.122 20.840
29 19.955 0.72335 - 0.025 0.162 19.175 20.785
30 19.968 0.75974 - 0.012 0.116 19.299 20.661
31 19.974 0.77372 - 0.006 0.095 19.364 20.596
32 19.985 0.79482 0.005 0.093 19.370 20.590
33 19.994 0.82195 0 .014 0.075 19.432 20.528
34 19.966 0.84945 - 0 .014 0.069 19.455 20.505
35 19.956 0.88141 - 0 .024 0.049 19.537 20.423
36 19.992 0.89636 0.012 0.035 19.606 20.354
37 19.958 0.92772 - 0 .022 0.029 19.639 20.321
38 19.982 0.94210 0.002 0.023 19.677 20.280
39 19.983 0.97479 0.003 0.009 19.790 20.170
40 19.980 1.00000 0.000 0.000 19.980 19.980
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Figure 25. The approxim ate  95% c o n f id e n ce  i n t e r v a l  f o r  t h e  normal 
( N (19 .98 ,4 )  based  on th e  b ia s e d  e s t im a te  o f  th e  MSE.
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Figure 26. C o m p ariso n  o f  th e  u p p e r  bounds f o r  th e  95% c on fidence  
i n t e r v a l s  from th e  b i a s e d  e s t im a te  o f  th e  MSE f o r  t h e  
n o rm a l  (mean = 19 .98) w i th  v a ry in g  v a r ia n c e s  o f  4 and 
81.
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Table 13 . The e r r o r  bounds f o r  th e  normal d i s t r i b u t i o n s  w i t h  a mean = 
1 9 .9 8 ,  and  v a r y i n g  v a r i a n c e s  o f  81 and  4 ,  w i th  th e  e s t im a te d  a r r i v a l  
t im e s  c a l c u l a t e d  from  ra n d o m ly  sam p led  d a y s ,  j  ( j  = 1 ,  2 ,  • • •  4 0 ) ,  
approx im ate  95% c o n f i d e n c e  i n t e r v a l s  and  t h e  c o r r e s p o n d i n g  v a r i a n c e  












1 38.00* 5.83 34.13 50.03 21.00 13.26 26.70 11.28
2 23.49 10.11 29.85 24.37 12.00* 15.29 24.67 5.50
3 16.12* 12.03 27.94 15.82 11.00* 16.20 23.76 3.57
4 18.59 13.18 26.78 11.55 16.68* 16.75 23.21 2.60
5 19.38 13.99 25.97 8 .98 25.63* 17.13 22.83 2.03
6 21.12 14.59 25.37 7.27 21.53 17.42 22 .54 1 .64
7 20.52 15.06 24.90 6 .05 16.00* 17.64 22.32 1.36
8 17.95 15.45 24.51 5.13 20.37 17.83 22.13 1.16
9 17.13 15.78 24.18 4 .42 19.28 17.98 21.98 1.00
10 19.29 16.06 23.90 3 .85 20.66 18.12 21.84 0.87
11 19.51 16.30 23.66 3 .38 19.53 18.23 21.73 0.76
12 19.67 16.52 23 .44 2.99 19.73 18.34 21.62 0.68
13 20.47 16.72 23.24 2.66 20.92 18.43 21.45 0.60
14 19.66 16.89 23.07 2.38 19.72 18.51 21.45 0 .54
15 18.77 17.06 22.90 2 .14 20.08 18.59 21.37 0 .48
16 21.51 17.21 22.75 1.92 20.57 18.66 21.30 0.43
17 19.20 17.34 22.62 1.74 21.01 18.73 21.23 0.39
18 22.27* 17.48 22.48 1.57 20.02 18.79 21.17 0.35
19 22.16* 17.60 22.36 1.42 21.91 18.85 21.11 0 .32
20 18.89 17.72 22.25 1.28 20.81 18.90 21.06 0 .29
21 19.50 17.83 22.14 1.16 20.51 18.96 21.00 0.26
22 19.66 17.93 22.03 1.05 20.12 19.01 20.95 0 .2 4
23 19.93 18.03 21.93 0.95 19.89 19.06 20.91 0.21
24 21.54 18.13 21.83 0.86 20.10 19.10 20.86 0 .19
25 20.76 18.23 21.74 0.77 20.03 19.15 20.81 0.17
26 19.23 18.32 21 .64 0.69 19.61 19.19 20.77 0.16
27 20.76 18.41 21.55 0.62 20.25 19.23 20.73 0 .1 4
28 18.99 18.50 21.46 0.55 20.17 19.28 20.68 0.12
29 19.57 18.59 21.38 0 .49 20.39 19.32 20.64 0.11
30 19.60 18.67 21.29 0.43 20.06 19.36 20.60 0 .10
31 20.63 18.76 21.20 0.37 20.03 19.40 20.56 0 .08
32 19.78 18.85 21.11 0 .32 20.09 19.44 20.52 0 .07
33 19.45 18.94 21.02 0.27 19.83 19.49 20.46 0.06
34 20.18 19.03 20 .94 0.23 19.99 19.53 20.43 0 .05
35 20.02 19.12 20 .84 0.18 19.71 19.57 20.39 0 .0 4
36 20.68 19.23 20 .74 0 .1 4 20.02 19.62 20.34 0.03
37 19.95 19.34 20.63 0.10 20.09 19.67 20.29 0 .02
38 19.98 19.46 20.50 0.07 19.77 19.73 20.23 0.02
39 19.81 19.62 20 .34 0.03 19.98 19.81 20.15 0.01
40 19.98 19.98 19.98 0.00 19.98 19.98 19.98 0 .00
* v a lu e s  t h a t  exceed o r  f a l l s  below th e  95% co n fidence  i n t e r v a l  
f o r  th e  mean a r r i v a l  t im e ,  18 -  22 .
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Figure 27. The c u m u l a t i v e  p r o p o r t i o n s  (p e rfo rm an ce  c u rv e s )  f o r  
t h e  s i m u l a t i o n  c a l c u l a t i o n s  f r o m  t h e  n o r m a l  
d i s t r i b u t i o n  (mean = 1 9 .9 8 ,  v a r ia n c e s  = 4 ,  36 & 8 1 ) .
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•St a t-ie frie s - Bas-ed- on- €P U E -P ata-fo r- C hinook 
-Salmon- from -t-he- Yukon- R iv e r- D elta-. -1-961—1D82
A normal d i s t r i b u t i o n  was deve loped  f o r  each  y e a r  from th e  r e p o r t e d  
mean and v a r i a n c e  o f  th e  c h in o o k  o f  t h e  lo w e r  Yukon R i v e r  d e l t a  from  
1 9 6 1 -1 9 8 2 .  Each  d i s t r i b u t i o n  was th e n  sampled randomly f o r  th e  number 
o f  d a y s  j  ( j  = 1 ,  2 ,  • • •  40) r e p r e s e n te d  by th e  t r u e  number o f  openers  
a l l o w e d  f rom  J u n e  1 t h r o u g h  J u l y  1 0 ,  i n c l u s i v e ,  f o r  e a c h  o f  t h e  
r e s p e c t i v e  y e a rs  s tu d i e d  (Tab le  1 4 ) .  The number o f  o pene rs  ( o r  " f i s h i n g  
d ays")  was c a l c u l a t e d  by ta k in g  th e  cum ula tive  hours  f i s h e d  betw een June 
1 a n d  J u l y  10 ( i n c l u s i v e )  f o r  e a c h  y e a r  and d i v i d i n g  t h e  t o t a l  by 
tw e n ty - fo u r  ( ro u n d in g -o f f  to  th e  n e a r e s t  d a y ) .  The mean s q u a r e  e r r o r  
(MSE) and  a co n fid e n ce  i n t e r v a l  (ap p ro x im a te ly  95%) were c a l c u l a t e d  f o r  
each y e a r s '  openers  based  on 300 r e p e t i t i o n s  f o r  each o f  th e  j  d ays .
A l th o u g h  th e  t r u e  m ig r a t io n  and f i s h i n g  may have ex tend  beyond th e  
end o f  J u l y  10 (m = 40) th e  b u lk  o f  each  m ig r a t io n  ( 2 .5  -  97 .5  %) was 
e x p e c t e d  t o  c l e a r  th e  h a r v e s t  a r e a  by day 40 (Mundy 1982 ) .  The average  
e m p i r ic a l  cum u la tive  p r o p o r t io n  o f  CPUE accounted  f o r  b e t t e r  th a n  95% of 
t h e  r e p o r t e d  c a t c h  by J u l y  10 i n  20 o f  t h e  22 y e a rs  s tu d i e d .  During 
1976 93.6% of  th e  cu m u la tiv e  CPUE was r e c o r d e d  by day  4 0 ;  h o w e v e r ,  i n  
1971 o n ly  88.2% o f  th e  cum ula tive  p r o p o r t io n  o f  CPUE was o b ta in e d  du r ing  
th e  s p e c i f i e d  t im e sp a n .  In  1971 f i s h i n g  began on day 11 (June  11) w i th  
an  e s t i m a t e d  a r r i v a l  t im e  on day  2 9 .0 8  ( " l a t e " ) .  F i s h in g ,  however, 
c o n t in u e d  t h r o u g h  t h e  m id d le  o f  A u g u s t  w i t h  21% o f  t h e  t o t a l  c a t c h  
r e p o r t e d  from a  s i n g l e  day on June 30 . As a  r e s u l t ,  1971 had th e
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Table  1 4 .  The num ber o f  o p e n e r s  ( J u n e  1 -  J u l y  1 0 ) ,  t h e  mean and 
v a r i a n c e  f o r  e a c h  y e a r  o f  CPUE d a ta  f o r  chinook salmon (1961-1980) and 
t h e  a v e r a g e  m ean , lo w e r  and u p p e r  l i m i t s  o f  t h e  a p p r o x i m a t e  95% 
c o n f i d e n c e  i n t e r v a l  c a l c u l a t e d  f ro m  t h e  b i a s e d  MSE o f  t h e  r a t i o  
e s t im a to r  from 40 r e p e t i t i o n s ,  and t h e  b i a s e d  MSE f o r  t h e  num ber o f  










v a r ia n c e MSE
1982 9 23.660 23.333 20.301 27.019 41.430 3.055
1981 10 14.420 15.286 10.177 18.663 54.080 4.348
1980 7 19.330 19.298 13.471 25.189 51.120 6.506
1979 10 16.560 17.694 10.808 22.312 86.790 6.370
1978 10 20.480 20.646 16.210 24.750 66.830 4.385
1977 9 25.540 25.432 22.111 28.969 42.050 3.160
1976 10 28.370 27.296 22.261 34.479 54.000 6.817
1975 10 24.690 24.157 21.615 27.765 45.910 2.626
1974 14 16.400 17.036 12.880 19.920 87.290 3.297
1973 11 19.410 19.511 16.435 22.385 67.500 2.474
1972 9 24.170 23.180 20.808 27.532 47.880 3.060
1971 9 29.080 27.170 22.487 35.673 98.150 7.404
1970 12 20.970 20.976 17.461 24.479 45.670 3.280
1969 8 15.020 15.889 9.289 20.751 61.070 6.344
1968 16 19.910 20.188 17.763 22.057 46.450 1.215
1967 15 13.730 14.242 10.942 16.518 51.750 2.188
1966 12 22.230 21.988 19.587 24.873 26.790 1.966
1965 16 20.250 20.023 17.793 22.707 31.280 1.682
1964 14 26.840 26.481 24.379 29.301 25.250 1.688
1963 18 18.950 18.808 16.725 21.175 54.930 1.331
1962 17 22.260 22.370 19.375 25.145 36.490 2.336
1961 20 17.640 17.640 15.582 19.698 52.160 1.084
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b r o a d e s t  r e c o r d e d  v a r i a n c e  ( S^ = 98 .15 )  o f  th e  22 y e a rs  o f  a v a i l a b l e  
d a t a .
The MSE was l a r g e s t  i n  1971 a s  compared to  a l l  o th e r  y e a r s .  The 
o t h e r  l a r g e  MSE v a lu e s  o c c u r r e d  d u r i n g  y e a r s  when t h e  num ber o f  days 
f i s h e d  f e l l  b e low  1 1 ,  and  t h e  v a r i a n c e s  were g r e a t e r  th a n  5 4 .0 .  The 
most c o n s e r v a t iv e  con fid en ce  i n t e r v a l s  f o r  an  e s t i m a t e d  a r r i v a l  t im e  
w ere  made p r i o r  to  1969 when the  number o f  openers  exceeded 11 days out 
o f  the  p o s s ib l e  40 . In  th o s e  c a s e s ,  t h e  e s t i m a t e d  a r r i v a l  t im e s  f e l l  
d i s c r e t e l y  w i th in  one o f  th e  t h r e e  c a te g o r i e s  o f  " e a r l y " ,  " a v e ra g e " ,  o r  
" l a t e " .  However, a s  t h e  num ber o f  d a y s  f i s h e d  d e c l i n e d  a f t e r  1968 , 
t h e r e  was a l o s s  o f  c o n f i d e n c e  i n  t h e  e s t i m a t e s .  Based on  th e  MSE 
c a l c u l a t i o n s  and th e  c o rre sp o n d in g  approxim ate  95% c on fidence  i n t e r v a l ,  
an  e a r l y  e s t i m a t e  a l s o  f e l l  w i t h i n  an  a v e r a g e  c a t e g o r y  based  on the  
g r a n d  mean f o r  a l l  y e a r s  a s  m e n t i o n e d  a b o v e  ( 1 8  -  2 2 ) .  T h i s  
o v e r l a p p i n g  o f  c a t e g o r i e s  ex tended  to  an average  e s t im a te  b e in g  e i t h e r  
e a r l y ,  a v e r a g e  o r  l a t e ,  and  a l a t e  e s t i m a t e  o v e r l a p p i n g  an  a v e r a g e  
domain.
I n  o r d e r  t o  b e t t e r  u n d e rs ta n d  th e  component perform ances based  on 
e m p i r ic a l  d a t a ,  th e  av e rag e  e m p i r ic a l  p ro p o r t io n s  o f  CPUE and e m p i r i c a l  
d a i l y  p r o p o r t i o n s  o f  CPUE f o r  one  o f  e a c h  ca te g o ry  were t e s t e d .  The 
average  e m p i r ic a l  d i s t r i b u t i o n  o f  CPUE f o r  t h e  22 y e a r s  i n  T a b le  15 
showed a s l i g h t l y  e a r l i e r  a r r i v a l  t im e  o f  19.788 as compared to  t h a t  of 
c a tc h  w i th  th e  a r r i v a l  t im e o f  19 .98  (T ab le  5 ) .  A b ro a d e r  v a r i a n c e  (S^ 
= 53 .403) was a l s o  c a l c u l a t e d  f o r  th e  CPUE as compared to  = 48 .32  f o r  
t h e  a v e r a g e  c a t c h  d a t a .  The MSE v a l u e s  f o r  t h e  a v e r a g e  e m p i r i c a l  
p r o p o r t i o n  o f  c a t c h  ( T a b le  5) w e re  s l i g h t l y  m ore c o n s e r v a t i v e  when 
compared to  th e  average  p r o p o r t io n  o f  CPUE f o r  th e  same y e a r s .  S i m i l a r
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T a b le  1 5 .  The a v e r a g e  a r r i v a l  t im e  ( * t j )  f ro m  a  number o f  randomly 
sam pled  d a y s ,  j  ( j  = 1 ,  2 ,  • • •  4 0 ) ,  t h e  a p p r o x i m a t e  95% c o n f id e n c e  
i n t e r v a l  from th e  b i a s e d  MSE, th e  MSE (based  on 300 r e p e t i t i o n s  f o r  each 
j ) ,  b i a s ,  and t h e  a v e r a g e  c u m u l a t i v e  p r o p o r t i o n s  from  th e  e m p ir ic a l  
average  p ro p o r t io n s  o f  CPUE o f  chinook salmon from J u n e  1 t h r o u g h  J u l y  





- ........ 95%...... -
lower upper MSE b ia s
cumulat
p ro p o r t
1 20.047 - 2 .8 0 4 42.380 127.598 0.2587 0.02588
2 19.562 6.620 32.956 43.346 -0 .2 2 6 4 0.04947
3 19.340 9 .624 29.952 25.827 -0 .4 4 8 1 0.07482
4 19.370 11.987 27.589 15.214 -0 .4176 0.09840
5 19.697 12.879 26.697 11.932 -0 .0 9 1 2 0.12367
6 19.806 13.512 26.064 9.847 0.0183 0.14295
7 19.520 14.534 25.042 6.901 -0 .2 6 8 0 0.17565
8 19.681 15.092 24.484 5.513 -0 .1 0 7 0 0.19966
9 19.736 15.344 24.232 4.937 -0 .0 5 2 5 0.22277
10 19.597 15.727 23.849 4.123 -0 .1 9 0 9 0.24691
11 19.774 15.915 23.661 3 .749 -0 .0 1 3 8 0.26834
12 19.742 15.974 23.602 3.636 -0 .0 4 6 0 0.29361
13 19.870 16.327 23.249 2.995 0.0818 0.32109
14 19.593 16.413 23.163 2.848 -0 .1 9 5 2 0.34569
15 19.774 16.731 22.845 2.336 -0 .0 1 4 0 0.37419
16 19.842 16.928 22.648 2.045 0.0537 0.39840
17 19.699 17.128 22.448 1.769 -0 .0 8 9 1 0.41791
18 19.699 17.062 22.514 1.857 -0 .0 8 8 8 0.44072
19 19.649 17.257 22.319 1.602 -0 .1 3 8 7 0.47235
20 19.688 17.372 22.204 1.459 -0 .1 0 0 4 0.49132
21 19.899 17.386 22.190 1.442 0.1106 0.51668
22 19.704 17.599 21.977 1.198 -0 .0 8 4 0 0.53823
23 19.791 17.776 21.800 1.012 0.0028 0.56967
24 19.741 17.844 21.732 0.945 -0 .0 4 7 4 0.58953
25 19.818 18.043 21.533 0.761 0.0300 0.61909
26 19.748 18.097 21.479 0.715 -0 .0 4 0 3 0.63968
27 19.794 18.159 21.417 0 .664 0.0056 0.66702
28 19.832 18.180 21.396 0.646 0.0443 0.69159
29 19.750 18.305 21.271 0.550 -0 .0 3 7 8 0.71345
30 19.776 18.426 21.150 0 .464 -0 .0 1 1 9 0.74532
31 19.743 18.543 21.033 0.387 -0 .0 4 4 6 0.76621
32 19.805 18.624 20.952 0.339 0 .0174 0.79240
33 19.841 18.690 20 .886 0.302 0.0531 0.81951
34 19.772 18.821 20.755 0 .234 -0 .0156 0.83632
35 19.790 18.907 20.669 0 .194 0.0020 0.86118
36 19.768 19.037 20.539 0.141 -0 .0 2 0 3 0.88313
37 19.800 19.073 20.503 0.128 0 .0124 0.91323
38 19.780 19.248 20.328 0.073 -0 .0 0 7 5 0.93853
39 19.780 19.397 20.179 0 .038 -0 .0 0 8 3 0.95949
40 19.788 19.788 19.788 0 .000 0.0001 0.98720
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r e s u l t s  were o b ta in e d  w i th  th e  v a r ia n c e  o f  th e  r a t i o  e s t i m a t o r  b e tw e e n  
th e  c a tc h  and e f f o r t  d a ta  (T ab le  1 6 ) .
An a n n u a l  e s t i m a t e  b a s e d  on  CPUE d a t a  f o r  e a c h  o f  t h e  t h r e e  
c a te g o r i e s  was t e s t e d .  One example from e a c h  o f  t h e  c a t e g o r i e s  ( i . e .  
" e a r l y " ,  " a v e r a g e "  and " l a t e " )  was tak e n  from Table 14. The y e a r  1967 
was o b v io u s ly  an " e a r ly "  m i g r a t i o n  w i t h  an  e s t i m a t e d  a r r i v a l  t im e  o f  
1 3 .7 3 ,  1970 an "av e ra g e"  ( * t j  = 2 0 .9 7 ) ,  and 1976 a  " l a t e "  ru n  w i th  28.37 
as  th e  e s t im a te d  average  a r r i v a l  t im e .  The d a i l y  p r o p o r t i o n s  f o r  e a c h  
y e a r  s e r v e d  a s  t h e  pd f  w i th  th e  m ig r a t io n  o c c u r in g  from June 1 th rough  
J u ly  10. As a r e s u l t ,  th e  m eans w ere  r e c a l c u l a t e d  f o r  e a c h  c a t e g o r y  
b a s e d  on  t h e  p r o p o r t i o n s  o f  CPUE i n c l u s iv e  o f  th o se  d a t e s ,  and th e  MSE 
c a l c u l a t e d .
I n i t i a l l y ,  th e  b ia s e d  e s t im a te  o f  th e  MSE f o r  a l l  t h r e e  c a te g o r i e s  
was l a r g e  w i th  th e  more c o n s e r v a t iv e  v a l u e s  f o r  t h e  e a r l y  ( T a b le  1 7 ) ,  
f o l l o w e d  by t h e  a v e r a g e  ( T a b le  18) and l a t e  (T ab le  1 9 ) ,  r e s p e c t i v e l y .  
However, as dem ons tra ted  by th e  s im u la t io n s  w i th  th e  no rm a l,  th e  MSE f o r  
a l a t e  m i g r a t i o n  f e l l  b e lo w  t h e  o th e r  two c a te g o r i e s  when as few as 6 
days were randomly sam pled. However, a lm ost a  q u a r t e r  o f  th e  m i g r a t i o n  
was sa m p le d  b e f o r e  t h e  c o n f i d e n c e  i n t e r v a l  f e l l  o u t s i d e  t h e  range  f o r  
th e  average  domain based  on th e  grand  mean o f  th e  p o p u la t io n  (18  -  2 2 ) .  
The o t h e r  two c a t e g o r i e s  m a in ta in e d  l a r g e  MSE v a lu e s  u n t i l  50% o f  th e  
number o f  m ig r a to r y  days were sampled.
The d a i l y  p r o p o r t io n s  o f  c a tc h  f o r  each o f  th e  t h r e e  y e a rs  o u t l i n e d  
above (T ab le  20) were used to  compared e s t im a te  perfo rm ances  to  th o se  o f  
e f f o r t  (CPUE). The MSE v a l u e s  f o r  th e  d a i l y  p ro p o r t io n s  o f  c a tc h  and 
e f f o r t  were abou t  th e  same f o r  1969 ( " e a r l y " )  when a s  l i t t l e  a s  1 2 .5  -  
3 0 .5  % o f  t h e  d i s t r i b u t i o n  was sampled. However, as a  l a r g e r  f r a c t i o n
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T a b le  1 6 .  The bound  on t h e  e r r o r  o f  e s t i m a t i o n  a b o u t  t h e  a v e r a g e  
a r r i v a l  t im e  f o r  t h e  e m p i r ic a l  ave rage  d a i l y  p ro p o r t io n s  o f  CPDE (from 
T ab le  2 , Mundy 1982) (mean = 19 .7 9 ,  v a r ia n ce _ =  53 .40) w i th  th e  lower and 
upper  bounds and th e  v a r i a n c e  e s t i m a t o r ,  V (* t j )  f o r  a s in g l e  sample o f  a 
v a r i a b l e  number o f  days j  ( j  = 1 , 2 ,  • • •  4 0 ) .
numb mean 95 % v a r ia n c e
sample lower upper e s t im a to r
1 31.00* 5.53 35.05 50.85
2 9.82* 9.83 29 .74 24.77
3 18.57 11.77 27.81 16.08
4 28.02* 12.94 26 .64 11.73
5 12.91* 13.75 25.83 9.13
6 16.93* 14.35 25.22 7.39
7 20.73 14.83 24.75 6 .15
8 18.04 15.22 24.36 5.22
9 17.38* 15.55 24.03 4.49
10 17.52* 15.83 23 .74 3.91
11 20 .94 16.08 23.50 3.43
12 18.39 16.30 23.28 3 .0 4
13 17.35 16.50 23.08 2.71
14 19.08 16.68 22.90 2.42
15 21.65 16.84 22 .74 2.17
16 19.11 16.99 22.59 1.96
17 19.13 17.13 22 .44 1.76
18 17.49* 17.26 22.31 1.59
19 20.29 17.39 22.19 1 .44
20 17.68* 17.50 22.07 1.30
21 20.20 17.61 21.96 1.18
22 20.96 17.72 21.85 1.07
23 21.60 17.83 21.75 0.96
24 21.68 17.92 21.65 0.87
25 20.91 18.02 21.56 0.78
26 19.69 18.11 21.46 0.70
27 19.31 18.20 21.37 0.63
28 19.31 18.29 21.28 0.56
29 20.09 18.38 21.19 0 .50
30 19.89 18.47 21.11 0 .4 4
31 19.89 18.56 21.02 0 .38
32 18.82 18.65 20.93 0.33
33 20.17 18.74 20 .84 0.28
34 19.59 18.83 20.75 0.23
35 19.65 18.93 20.65 0.19
36 20.13 19.03 20.55 0.15
37 19.29 19.14 20 .44 0.11
38 20.13 19.26 20.31 0.07
39 20.17 19.42 20.15 0.03
40 19.79 19.79 19.79 0.00
* v a lu e  exceeds o r  f a l l s  below th e  approxim ate  95% 
co n fidence  l e v e l  o f  th e  t r u e  mean, 18 -  22.
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T a b le  1 7 .  E s t i m a t e s  o f  p a r a m e t e r s  f ro m  a l a t e  m ig r a t io n  o f  chinook 
sa lm o n  ( 1 9 7 6 ) .  The c a l c u l a t e d  m ean  ( f r o m  a  s a m p l e  s i z e  o f  300  
r e p e t i t i o n s ) ,  a p p r o x im a te  95% c o n f i d e n c e  i n t e r v a l ,  b ia s e d  MSE o f  th e  
r a t i o  e s t im a to r ,  b i a s  and average  cum u la t iv e  p r o p o r t io n s  f o r  each o f  th e  







upper MSE b ia s cumulat
p ro p o r t
5 25.353 14.011 39.963 42.096 -1 .6338 0.11229
6 26.624 18.775 35.199 16.861 -0 .3631 0.14603
7 26.265 18.998 34.976 15.956 -0 .7223 0.15959
8 26.670 20.637 33.337 10.082 -0 .3168 0.18329
9 26.779 22.086 31.888 6 .004 -0 .2078 0.21279
10 26.932 21.917 32.057 6.426 -0 .0548 0.23296
11 26 .884 22.621 31.353 4 .765 -0 .1027 0.25840
12 27.002 23.297 30.677 3.405 0.0149 0.28439
13 26.893 23.579 30.395 2 .904 -0 .0940 0.30893
14 26.849 23.833 30.141 2.487 -0 .1380 0.32717
15 26.892 23.748 30.226 2.623 -0 .0950 0.35332
16 27.002 23.836 30.138 2.482 0.0153 0.36249
17 26.754 23.891 30.083 2.396 -0 .2333 0.39901
18 26.874 24.165 29.809 1.991 -0 .1 1 3 4 0.41481
19 27.050 24.508 29.466 1.536 0.0632 0.44158
20 26.847 24.581 29.393 1.447 -0 .1 4 0 4 0.46031
21 27.021 24.530 29.444 1.510 0.0338 0.48880
22 27.023 24.788 29.186 1.209 0.0361 0.50620
23 26.961 24.837 29.137 1.156 -0 .0255 0.53952
24 26.915 24.886 29.088 1.103 -0 .0722 0.55983
25 27.037 25.126 28.848 0.866 0.0496 0.59285
mean = 26 .987 skewness = 0 .1212
v a r ia n c e  = 25 .262 k u r t o s i s  = 2 .5700
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Table  18. P a ram ete r  e s t im a te s  o f  an average  m ig ra t io n  o f  chinook salmon 
(19 7 0 ) .  The c a l c u l a t e d  mean (from  a sam ple  s i z e  o f  300 r e p e t i t i o n s ) ,  
approxim ate  95% c o n f id e n ce  i n t e r v a l ,  b i a s e d  MSE f o r  th e  r a t i o  e s t i m a t o r ,  
b i a s  and ave rage  c u m u la tiv e  p r o p o r t io n s  f o r  each o f  th e  randomly sampled 






upper MSE b ia s cumulat
p r o p o r t
5 20.2955 10.518 30.994 26.205 -0 .4 6 0 8 0 .12420
6 20.3819 12.362 29.151 17.618 -0 .3 7 4 4 0.15082
7 21.0224 13.893 27.620 11.778 0.2661 0.17489
8 20.8841 14.350 27.163 10.261 0.1278 0.20261
9 20.7477 14.547 26.966 9.639 -0 .0086 0.22777
10 20.7551 15.345 26.168 7.320 -0 .0 0 1 2 0.24280
11 20.6963 15.911 25.601 5.869 -0 .0600 0.28011
12 20.6682 16.250 25.262 5.076 -0 .0881 0.29718
13 20.5520 16.461 25.051 4.612 -0 .2043 0.32391
14 20.6412 16.843 24.669 3.828 -0 .1151 0.34793
15 20.5276 16.940 24.572 3.641 -0 .2287 0.38047
16 20.8432 17.266 24.247 3.046 0.0869 0.39780
17 20.7279 17.453 24.059 2.728 -0 .0 2 8 4 0.42594
18 20,6639 17.658 23.855 2.400 -0 .0 9 2 4 0.45728
19 20.5376 17.608 23.905 2.479 -0 .2187 0.46991
20 20.8651 17.848 23.665 2.114 0.1088 0.50059
21 20.8251 18.073 ■ 23.440 1.800 0.0688 0.52000
22 20.6570 18.110 23.403 1.751 -0 .0993 0.54140
23 20.7286 18.407 23.106 1.380 -0 .0277 0.56554
24 20.6644 18.553 22.960 1.214 -0 .0919 0.59807
25 20.8131 18.603 22.909 1.159 0.0568 0.62034
mean = 20.756  skewness = 0.1138
v a r ia n c e  = 36.8065 k u r t o s i s  = 2.2190
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Table  19. Pa ram ete r  e s t im a te s  from an e a r l y  m ig r a t io n  o f  chinook salmon 
(19 7 6 ) .  The c a l c u l a t e d  mean (from  a sam ple  s i z e  o f  300 r e p e t i t i o n s ) ,  
a p p r o x im a te  95% c o n f id e n c e  i n t e r v a l ,  MSE f o r  th e  r a t i o  e s t i m a t o r ,  b i a s  
and average  c u m u la t iv e  p r o p o r t i o n s  f o r  e a c h  o f  t h e  r a n d o m ly  sam pled  






upper MSE b i a s cumulat
p ro p o r t
5 14.206 3.730 23.670 24.848 0.5062 0.12478
6 14.034 5.071 22.329 18.616 0.3336 0.15578
7 14.052 4.817 22.583 19.729 0.3523 0.17690
8 14.285 5 .544 21.856 16.629 0.5845 0.20394
9 14.291 5.911 21.489 15.168 0.5905 0.22768
10 14.266 7.192 20.208 10.589 0.5659 0.24722
11 14.166 6.642 20.758 12.454 0.4663 0.27105
12 14.126 7.402 19.998 9.917 0.4260 0.30207
13 13.832 7.955 19.445 8.252 0.1323 0.32700
14 13.905 8.359 19.041 7.130 0.2051 0.34633
15 13.974 8.485 18.915 6.800 0.2738 0.37663
16 13.976 8.836 18.564 5.914 0.2764 0.40994
17 13.888 9.134 18.266 5.211 0 .1884 0.42959
18 13.988 9 .374 18.026 4.680 0.2884 0.45159
19 13.876 9.370 18.030 4.687 0.1763 0.47596
20 13.905 9.466 17.934 4.481 0.2053 0.50493
21 13.757 9 .614 17.786 4.173 0.0568 0.52157
22 13.865 10.390 17.010 2.739 0.1646 0.54923
23 13.888 10.225 17.175 3.019 0.1884 0.57534
24 13.801 10.267 17.133 2.947 0.1010 0.59007
25 13.989 10.415 16.985 2.698 0.2886 0.61695
mean = 13.700 skewness = 0.3618
v a r ia n c e  = 50.071 k u r t o s i s  = 1.8033
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T a b l e  2 0 .  The b i a s e d  MSE o f  t h e  e s t i m a t o r  ( f r o m  300 r e p e t i t i o n s )  
c a l c u l a t e d  f rom  a number o f  randomly sampled d a y s ,  j  ( j  = 5 , 6 ,  •• 25) 
f o r  th e  y e a rs  -  1976 ( l a t e ) ,  1970 ( a v e r a g e ) ,  and 1967 ( e a r l y )  based  upon 
e m p i r ic a l  c a tc h  d a ta  from June 1 -  J u ly  10, i n c l u s i v e ,  f o r  each y e a r .
number
o f  days 1976 1970 1967
sampled ( l a t e ) (av e rag e) ( e a r l y )
5 33.806 29.870 30.405
6 29.296 20.385 23.143
7 11.075 15.389 19.811
8 13.859 14.121 16.366
9 9.836 9.859 12.833
10 6 .868 7.780 13.044
11 6.877 8.282 10.101
12 4 .119 6.080 9.062
13 4 .613 5.449 6.697
14 3 .949 5 .744 6.819
15 3.841 4.636 7.033
16 3 .220 4.106 5.645
17 3 .048 2 .842 4 .591
18 2.563 2 .908 4 .294
19 2.265 2.452 3 .764
20 1.883 2.887 3.957
21 1.576 2.161 3 .142
22 1 .914 1.435 3 .012
23 1.361 1.435 2.432
24 1.500 1 .404 2.309
25 1.359 1.171 2.208
mean 27.610 21.978 14.056
v a r ia n c e 21.369 25.289 51.189
skewness 0.0050 0.2272 0.1805
k u r t o s i s 2.4928 2.7098 1.7605
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was sa m p le d  ( j  > 12) c a tc h  d a ta  o f f e r e d  s l i g h t l y  more co n fid e n ce  to  the  
e s t im a te  o f  a r r i v a l  t im e .  The v a r i a n c e s  w e re  a b o u t  e q u a l .  The d a i l y  
p r o p o r t i o n s  o f  CPUE f o r  t h e  o t h e r  two y e a r s  s t u d i e d ,  n a m e ly  1970 
( " a v e ra g e " )  and 1967 ( " l a t e " ) ,  r e s u l t e d  i n  s m a l le r  MSE v a lu e s  a c ro s s  the  
s a m p l i n g  r e g im e s  ( j  = 5 ,  6 ,  • • •  2 5 ) .  A b r o a d e r  d i s p e r s i o n  o f  th e  
d i s t r i b u t i o n  was r e p r e s e n te d  by b o th  d i s t r i b u t i o n s ,  as w e l l .




Much o f  what i s  known today concern ing  th e  m ig r a t io n s  o f  f i s h e s  i s  
d e r i v e d  f ro m  t h e  s t u d y  o f  c o m m e rc ia l  c a t c h  d a t a  ( L e g g e t t  1 9 7 7 ) .  A 
s ta n d a rd  h a r v e s t  c o n t r o l  o b j e c t iv e  i n  A laskan  salmon n e t  f i s h e r i e s  i s  to  
s p r e a d  t h e  c a t c h  p r o p o r t i o n a t e l y  a c r o s s  a l l  t im e  s e g m e n ts  o f  t h e  
m i g r a t i o n .  F a i l u r e  t o  m eet t h i s  o b j e c t i v e  c a n  r e s u l t  i n  s e v e r e  
c e n s o r s h i p  o f  t h e  c a t c h  d a ta  t h a t  i s  used in  e s t im a t in g  th e  param eters  
o f  m ig r a to r y  t im in g .
The u s e  o f  s i m u l a t i o n  t e c h n i q u e s  has  shown th e  e s t im a te s  o f  mean 
a r r i v a l  t im e based  on s e v e r e ly  c e n so re d ,  and o f t e n  t r u n c a t e d ,  d a t a  s e t s  
to  be am azingly  a c c u r a t e .  However, e s t im a te s  o f  th e  v a r i a n c e  and h ig h e r  
o r d e r  m oments f rom  t h e  same d a t a  a r e  r a t h e r  v o l a t i l e ,  b e i n g  v e r y  
s e n s i t i v e  to  sampling e r r o r .
I t  was n o t  s u r p r i s i n g  t h a t  commercial c a tc h  tak e n  a t  th e  t a i l s  o f  
th e  m ig ra to ry  d i s t r i b u t i o n  tend  to  weigh t h e  e x p e c t e d  a r r i v a l  t im e  i n  
t h e  d i r e c t i o n  o f  th e  sam ple, away from th e  t r u e  mean. However, in  many 
m arine  f i s h e r i e s ,  th e  a c tu a l  tendency  i s  to  c o n c e n t r a te  h a r v e s t  e f f o r t s  
d u r in g  th e  f i r s t  h a l f  o f  a  m ig r a t io n .  In  o th e r  f i s h e r i e s  th e  management 
s t a t e g y  f o r c e s  t h e  i n d u s t r y  to  w a i t  u n t i l  t h e  c e n t r a l  m ass  o f  t h e  
p o p u l a t i o n  h a s  p a s s e d  th rough  th e  h a rv e s t  a re a  b e f o r e  th e y  b e g in  t h e i r  
f i s h i n g  o p e r a t i o n s .  T h e re fo re ,  i f  th e  number o f  o p e n e r s  i s  s m a l l ,  s a y
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l e s s  th a n  8 /4 0 ,  and c o n c e n t ra te d  n e a r  th e  l e f t  hand t a i l  o r  s h o u l d e r  o f  
t h e  d i s t r i b u t i o n ,  an  e a r ly  m ig ra t io n  may be e r ro n e o u s ly  e s t im a te d .  On 
th e  o t h e r  hand , f o r e s t a l l i n g  f i s h i n g  o p e ra t io n s  u n t i l  t h e  m i g r a t i o n  i s  
w e l l  e s t a b l i s h e d  c a u s e s  e r r o n e o u s  e s t i m a t e s  o f  l a t e  m ig r a t io n s .  But 
even s o ,  when enough yea rs  o f  d a ta  a re  combined, e v e n  a  f i s h e r y  w i t h  a 
s m a l l  num ber o f  c o n t a g i o u s l y  d i s t r i b u t e d  annual openers  can y i e l d  an 
e x c e l l a n t  e s t im a te  o f  m ig ra to ry  t im ing  (T ab le  5 ) .
S i m u l a t i o n  s t u d i e s  b a s e d  on t h e  n o rm a l  d i s t r i b u t i o n  su p p o rt  and 
expand th e  e x p e r ie n c e  ga ined  from sampling th e  e m p i r i c a l  d i s t r i b u t i o n .  
A r r i v a l  t im e  e s t im a te s  from sm a ll  samples ( j  < 10) o f  a b ro a d -v a r ia n c e  
d i s t r i b u t i o n  a r e  m o re  s t a b l e  i n  c o m p a r i s o n  t o  t h o s e  f o r  f a s t  
( n a r r o w - v a r i a n c e )  r u n s  t h a t  o c c u r  o v e r  v e r y  s h o r t  t im e  i n t e r v a l s .  
However, as th e  number o f  days sampled approaches t e n  ( 1 0 ) ,  t h e  c h a n c e s  
o f  s a m p l in g  t h e  l a r g e r  p r o p o r t i o n s  w h ic h  a r e  c o n c e n t r a t e d  about th e  
c e n t r a l  m ass o f  t h e  n a r r o w - v a r i a n c e  d i s t r i b u t i o n  i n c r e a s e s  and  o u r  
c o n f i d e n c e  i n  t h e  e s t im a te  o f  th e  mean a r r i v a l  t im e  i s  improved. As a 
r e s u l t ,  b e t t e r  e s t im a te s  o f  th e  mean a r r i v a l  tim e f o r  a  f a s t  m i g r a t i o n  
a r e  s u p e r i o r  to  t h o s e  o f  a  b r o a d - v a r i a n c e  m ig r a t io n  when 25 -  50 % o f  
th e  t im e domain i s  sampled.
I t  i s  i m p o r t a n t  to  n o t e  t h a t  d a i l y  p r o p o r t io n s  o f  b o th  c a tc h  and 
e f f o r t  supp ly  good d a ta  b a ses  f o r  e s t im a t in g  mean a r r i v a l  t im es o f  Yukon 
c h in o o k  w i t h  a d e q u a t e  sample s i z e s .  Both th e  v a r i a n c e  e s t im a te  o f  th e  
r a t i o  e s t i m a t o r  and  t h e  b i a s e d  e s t i m a t e  o f  t h e  MSE o f  t h e  r a t i o  
e s t i m a t o r  o f f e r  r e l i a b l e  c o n f i d e n c e  l i m i t s ;  h o w e v e r ,  t h e  f o rm e r  
m a in ta in s  a much narrow er i n t e r v a l  when sampling l e s s  t h a n  12 % o f  t h e  
m ig r a t io n .
I t  i s  o f t e n  v e r y  d i f f i c u l t  i f  n o t  im p o ss ib le  to  know th e  f i r s t  o r
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l a s t  d a te s  o f  a m ig r a t i o n .  Many f ish e rm en  r e l y  on i n t u i t i v e  methods f o r  
s u c h  i n f o r m a t i o n ;  how ever, managers and f i s h e r i e s  b i o l o g i s t s  seek  more 
p r e c i s e  s c i e n t i f i c  m ethods. The d i v i s i o n  o f  annual m ig r a t io n s  in to  th e  
t im in g  c a t e g o r i e s  i s  im p o r ta n t  b ecause  i t  a llow s a means f o r  sc h ed u l in g  
d a te s  o f  commercial f i s h i n g  w i t h  some c o n c e p t  o f  t h e  e x p e c t e d  c a t c h .  
T he MSE f o r  t h e  r a t i o  e s t i m a t o r  i s  a b e t t e r  m ethod  f o r  s t u d y i n g  
e s t im a te s  o f  th e  d i s p e r s i o n  o f  th e  m ig r a t io n  th an  the  sample v a r i a n c e  o f  
t h e  p o p u l a t i o n  t o t a l .  I t  i s  n o t  u n t i l  a b o u t  50% o f  t h e  e n t i r e  
d i s t r i b u t i o n  i s  sa m p le d  t h a t  t h e  s a m p le  v a r i a n c e  o f  t h e  m i g r a t i o n  
s e t t l e s  to  a r e l i a b l e  r a n g e .  The sa m p le  v a r i a n c e  i s  f a r  more e a s i l y  
e s t im a te d  f o r  a l a t e  ( s m a l l - v a r i a n c e )  m i g r a t i o n  t h a n  f o r  t h e  e a r l i e r  
( l a r g e - v a r i a n c e )  ones based  on s im u la t io n s .  However, t r u n c a t i o n  o f  d a ta  
can r e s u l t  i n  na rrow er  v a r i a n c e  e s t im a te  due to  a l a c k  o f  o b s e r v a t i o n s  
from th e  d i s t r i b u t i o n a l  t a i l s .  As a r e s u l t ,  commercial c a tc h  may n o t  be 
an a p p r o p r i a t e  d a ta  sou rce  f o r  c h a r a c t e r i z i n g  s e a s o n a l  d i s p e r s i o n .
The p u r p o s e  o f  c a l c u l a t i n g  v a r i a b i l i t y  o f  t h e  mean o f  a t im e
d e n s i t y  i s  to  a l lo w  comparisons between y e a r s .  In  c o n t r a s t  to  th e  mean,
t h e  s t a b i l i t y  o f  t h e  s h a p e  o f  t h e  t im e  d e n s i t y  a s  m e a s u re d  by  t h e
skewness and k u r t o s i s  i s  ve ry  poor f o r  f a s t  m i g r a t i o n s ,  a s  com pared  to
t h e  a v e r a g e  o r  e a r l y  m i g r a t i o n s .  T h e r e f o r e ,  in a d e q u a te  sample s i z e
2c a u s e s  w i d e l y  f l u c t u a t i n g  e s t i m a t e s  o f  S , a ^ , and a ^ ,  r e s u l t i n g  m  
d i f f i c u l t  c h a r a c t e r i z a t i o n  o f  th e s e  s t a t i s t i c s  from commercial c a t c h .
The b e s t  p o s s ib l e  e s t im a te  f o r  c h a r a c t e r i z i n g  m ig r a to r y  b e h a v io r  i s  
to  sample th e  e n t i r e  d i s t r i b u t i o n  o f  the  a c tu a l  m ig r a t io n ;  however, t h i s  
may be i m p r a c t i c a l  w i th  r e s p e c t  to  th e  commercial h a r v e s t  f o r  re a so n s  o f  
c o n t i n u a l l y  in c r e a s in g  e f f i c i e n c y .  W h ile  c h in o o k  s t o c k s  on t h e  Yukon 
w ere  sa m p le d  c o m m e rc ia l ly  5 o u t  o f  every  7 days in  1961, sam pling had
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dropped to  one day  o u t  o f  7 by  198 2 .  As a r e s u l t ,  t h e  p e r f o r m a n c e  
c u r v e ( s )  based  on commercial c a tc h  d a ta  a re  now based  on l i t t l e  d a ta  to  
s e rv e  as an adequate  measure o f  annual m ig r a to r y  t im in g .  T e s t  f i s h e r i e s  
on  t h e  Yukon o f f e r  the  o n ly  v i a b l e  a l t e r n a t i v e  to  commercial c a tc h  d a ta  
u n t i l  so n a r  i s  f u l l y  d e v e lo p e d .  As m e n t io n e d  a b o v e ,  d a i l y  c a t c h  d a t a  
from e v e ry  d a te  i s  th e  o p t im a l  method.
T e s t  f i s h e r i e s  a r e  n o t  as s u s c e p t ib l e  to  c e n so rs h ip  o f  th e  sample 
o f  th e  tim e domain o f  t h e  m i g r a t i o n ,  and  t h e  " c o n t i n u o u s "  f r e q u e n c y  
d i s t r i b u t i o n  i n  a s s o c i a t i o n  w i th  th e  r a t i o  e s t im a to r  appears  to  be th e  
o n ly  r e l i a b l e  s o u r c e  f o r  a d e q u a t e  e s t i m a t i o n  o f  t h e  m om ents .  As a 
r e s u l t ,  t e s t  f i s h e r i e s  becom e i n c r e a s i n g ly  more im p o r ta n t  as t h e  o n ly  
v i a b l e  sou rce  o f  perform ance cu rve  d a ta .  I t  i s  p o s s ib l e  t h a t  t r u n c a t i o n  
o f  t h e  t e s t  f i s h e r y  can o c c u r .  This  too may cause  th e  sample v a r i a n c e  
to  u n d e re s t im a te  th e  t r u e  d i s p e r s i o n  o f  th e  m ig r a t i o n .
U n f o r t u n a t e l y ,  t e s t  f i s h e r i e s  a r e  e x p e n s i v e  to  o p e r a t e  and 
m a in ta in .  So, c o m m e rc ia l  c a t c h  r e m a in s  t h e  o n l y  a v a i l a b l e  d a t a  f o r  
s tu d y  among many m arine  f i s h e r i e s .  The c o s t  o f  th e  t e s t  f i s h e r y  must be 
m easured a g a in s t  th e  r i s k  o f  e r r o r s  in  h a r v e s t  c o n t r o l  caused by f a u l t y  
t i m i n g  in f o r m a t io n .  As p r e s e n te d  above, commercial c a tc h  and CPUE d a ta  
can p ro v id e  good o b j e c t iv e  d e t e r m i n a n t s  f o r  a n n u a l  e s t i m a t e s  o f  mean 
a r r i v a l ,  g iven  even a l im i t e d  (25%) number o f  d a t e s .
S im u la t io n  s t u d i e s  t y p i c a l l y  make c e r t a i n  b a s i c  a s s u m p t io n s  i n  
o r d e r  t o  f u n c t i o n .  Throughout t h i s  s tu d y  t h e r e  was random sam pling and 
t h e  c a t c h e s  w e re  e x a c t l y  p r o p o r t i o n a l  t o  t h e  t o t a l  a b u n d a n c e .  I n  
p r a c t i c e ,  s c h ed u l in g  of f i s h i n g  days i s  r a r e l y  random. On th e  c o n t r a r y ,  
most o f  th e  l a r g e  salmon f i s h e r i e s  o p e ra te  on g u i d e l i n e s  o b t a i n e d  f rom  
p r e d e t e r m i n e d  sch ed u le s  as  m entioned  e a r l i e r .  T h e re fo re ,  e s t im a t io n  o f
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a  c u r r e n t  y e a r s '  t im ing  and a b u n d a n c e  com pared  t o  s i m i l a r  h i s t o r i c a l  
p e r f o r m a n c e s  shou ld  y i e l d  more r e l i a b l e  r e s u l t s  due to  c o n c e n t r a t io n  of 
f i s h i n g  n e a r  th e  c e n te r  o f  t h e  m i g r a t i o n .  H ow ever ,  i t  i s  w e l l  known 
t h a t  c a t c h a b i l i t y  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  e f f o r t  i n  g i l l  n e t  
f i s h e r i e s  f o r  a d u l t  salmon (B rann ian  1983; S c h a l l e r  1984) so th e  la c k  o f  
th e  p r o p o r t i o n a l i t y  o f  c a tc h  to  e f f o r t  i s  a  p o t e n t i a l  so u rc e  o f  e r r o r .
As s t a t e d  above, A laskan  salmon m an a g e rs  o f  n e t  f i s h e r i e s  t r y  to  
s p r e a d  t h e  c a t c h  p r o p o r t i o n a t e l y  a c r o s s  a l l  t im e  s e g e m e n ts  o f  t h e  
m i g r a t i o n .  T h is  may a p p e a r  d e c e p t i v e l y  s i m p l e  w i t h  s y m m e t r i c a l  
d i s t r i b u t i o n s ,  b u t  e s t im a t in g  p ro p o r t io n s  w i th  a skewed d i s t r i b u t i o n  i s  
e v e n  m o re  d i f f i c u l t ,  p a r t i c u l a r l y  i n  l i g h t  o f  t h e  f a c t  t h a t  
c h a r a c t e r i z a t i o n  o f  pa ram ete rs  o f  th e  m ig r a t io n  o t h e r  th a n  th e  average  
a r r i v a l  tim e may be m is le a d in g .
M o d e lin g  and s i m u l a t i o n  s t u d i e s  by t h e i r  n a tu r e  have an in h e r e n t  
r i g i d i t y  w i t h  r e s p e c t  to  t h e  t r u e  n a t u r e  o f  t h e  o r g a n i s m ( s )  u n d e r  
i n v e s t i g a t i o n .  M i g r a t o r y  t im in g  i s  e q u a t e d  t o  c a t c h  t a k e n  f rom  a 
p o p u la t io n  o f  f i s h  m oving  i n  a u n i d i r e c t i o n a l  f a s h i o n  a t  a c o n s t a n t  
a v e r a g e  r a t e  o f  s p e e d .  I t  i s  l i k e l y  t h a t  few organism s e x h ib i t  such a 
c o n c e n t r a t e d  e f f o r t ,  an d  i n  f a c t ,  c o n s i d e r a b l e  w a n d e r in g  s h o u ld  be 
e x p e c t e d  ( E l l i s  1962; A l a b a s t e r  1970 ;  L e g g e t t  1977; Grays and Haynes 
1979). However, i t  i s  r e s o n a b le  to  assume t h a t  l e s s  w a n d e r in g  o c c u r s  
du r in g  f a s t  runs as compared to  slow , o r  " e a r l y " ,  m ig r a t i o n s .
Let me emphasize t h a t  m ig ra to ry  t im ing  i s  n o t  t im e  d e p e n d e n t .  I t  
i s  th e  g e n e t i c  e l a s t i c i t y  o f  salm onid s to c k s  and th e  consequen t a d a p t iv e  
p l a s t i c i t y  t h a t  e n a b l e s  them to  r e s p o n d  t o  a m b ie n t  p h y s i c a l  f a c t o r s  
t h r o u g h o u t  t h e i r  l i f e  c y c le  (Banks 1969; Bams 1976; Hoar 1976; L eg g e tt  
1977; to  name a f e w ) ,  and i t  i s  t h e  p h y s i c a l  f a c t o r s  t h a t  p r o b a b l y
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e x p la in  th e  v a r i a t i o n s  i n  th e  t im ing  o f  sa lm o n  m i g r a t i o n s .  Time i s  a 
c o v a r i a t e  o f  t h e s e  and u n t i l  e x t e n s i v e  o c e a n o g r a p h ic  s t u d i e s  a r e  
combined w ith  com plete  l i f e  h i s t o r y  s t u d i e s ,  th e  p r e c i s e  c h a r a c t e r i z a to n  
o f  sa lm onid  m ig ra to ry  t im ing  w i l l  rem ain  u n so lv e d .
The p rocedu res  u t i l i z e d  in  e s t im a t in g  t h e  a v e r a g e  a r r i v a l  t im e  o f  
ch inook salmon i s  n o t  l im i te d  s o le y  to  t h a t  p a r t i c u l a r  f i s h  s p e c i e s .  On 
th e  c o n t r a r y ,  th e  r a t i o  e s t im a to r  i s  a v i a b l e  method i n  e s t i m a t i n g  t h e  
a v e r g e  m i g r a t o r y  a r r i v a l  o f  any  p o p u l a t i o n .  The salmon o f  th e  Yukon 
R iv e r  d e l t a  o f f e r e d  a  good con tinuous  h i s t o r i c a l  d a t a  b a s e  to  t e s t  t h e  
methods d e s c r ib e d  above.
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APPENDIX A
FISHING HOURS
CHINOOK SALMON: th e  d a i l y  f i s h i n g  hours  from th e  Yukon
R iver  d e l t a  f o r  each  y e a r  (1961 -  1982) 
from June 1 -  J u ly  10, i n c l u s i v e .
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Table Al. Subdistrict 334-11, 1961: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
5 605 24 0.0506 24 0.0506
6 606 24 0.0506 48 0.1013
7 607 24 0.0506 72 0.1519
8 608 18 0.0380 90 0.1899
9 609 0 0.0000 90 0.1899
10 610 0 0.0000 90 0.1899
11 611 6 0.0127 96 0.2025
12 612 24 0.0506 120 0.2532
13 613 24 0.0506 144 0.3038
14 614 24 0.0506 168 0.3544
15 615 18 0.0380 186 0.3924
16 616 0 0.0000 186 0.3924
17 617 0 0.0000 186 0.3924
18 618 6 0.0127 192 0.4051
19 619 24 0.0506 216 0.4557
20 620 24 0.0506 240 0.5063
21 621 24 0.0506 264 0.5570
22 622 18 0.0380 282 0.5949
23 623 0 0.0000 282 0.5949
24 624 0 0.0000 282 0.5949
25 625 6 0.0127 288 0.6076
26 626 24 0.0506 312 0.6582
27 627 24 0.0506 336 0.7089
28 628 24 0.0506 360 0.7595
29 629 18 0.0380 378 0.7975
30 630 0 0.0000 378 0.7975
31 701 0 0.0000 378 0.7975
32 702 6 0.0127 384 0.8101
33 703 24 0.0506 408 0.8608
34 704 24 0.0506 432 0.9114
35 705 24 0.0506 456 0.9620
36 706 18 0.0380 474 1.0000
Mean Date: 20.4557 V ariance :  98.3113
Skewness: - .306502  K u r to s i s :  -1 .23083
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Table A2. Subdistrict 334-11, 1962: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
11 611 24 0.0580 24 0.0580
12 612 24 0.0580 48 0.1159
13 613 24 0.0580 72 0.1739
14 614 18 0.0435 90 0.2174
15 615 0 0.0000 90 0.2174
16 616 0 0.0000 90 0.2174
17 617 6 0.0145 96 0.2319
18 618 24 0.0580 120 0.2899
19 619 24 0.0580 144 0.3478
20 620 24 0.0580 168 0.4058
21 621 18 0.0435 186 0.4493
22 622 6 0.0145 192 0.4638
23 623 24 0.0580 216 0.5217
24 624 12 0.0290 228 0 .5 5 0 /
25 625 24 0.0580 252 0.6087
26 626 24 0.0580 276 0.6667
27 627 24 0.0580 300 0.7246
28 628 18 0.0435 318 0.7681
29 629 0 0.0000 318 0.7681
30 630 0 0.0000 318 0.7681
31 701 6 0.0145 324 0.7826
32 702 24 0.0580 348 0.8406
33 703 24 0.0580 372 0.8986
34 704 24 0.0580 396 0.9565
35 705 18 0.0435 414 1.0000
Mean D ate : 22.9565 V ariance : 56.7807
Skewness: - .404188 K u r to s i s : -1 .08902
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A3. Subdistrict 334-11, 1963: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
3 603 18 0.0417 18 0.0417
4 604 24 0.0556 42 0.0972
5 605 6 0.0139 48 0.1111
6 606 6 0.0139 54 0.1250
7 607 24 0.0556 78 0.1806
8 608 18 0.0417 96 0.2222
9 609 0 0.0000 96 0.2222
10 610 18 0.0417 114 0.2639
11 611 24 0.0556 138 0.3194
12 612 6 0.0139 144 0.3333
13 613 6 0.0139 150 0.3472
14 614 24 0.0556 174 0.4028
15 615 18 0.0417 192 0.4444
16 616 0 0.0000 192 0.4444
17 617 18 0.0417 210 0.4861
18 618 24 0.0556 234 0 .5 4 1 /
19 619 6 0.0139 240 0.5556
20 620 6 0.0139 246 0.5694
21 621 24 0.0556 270 0.6250
22 622 18 0.0417 288 0.6667
23 623 0 0.0000 288 0.6667
24 624 18 0.0417 306 0.7083
25 625 24 0.0556 330 0.7639
26 626 6 0.0139 336 0.7778
27 627 6 0.0139 342 0.7917
28 628 24 0.0556 366 0.8472
29 629 18 0.0417 384 0.8889
30 630 0 0.0000 384 0.8889
31 701 18 0.0417 402 0.9306
32 702 24 0.0556 426 0.9861
33 703 6 0.0139 432 1.0000
Mean D ate : 17.75 V ar iance :  83.1042
Skewness: - .326433  K u r to s i s :  -1 .18813
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A4. Subdistrict 334-11, 1964: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
15 615 18 0.0536 18 0.0536
16 616 24 0.0714 42 0.1250
17 617 6 0.0179 48 0.1429
18 618 0 0.0000 48 0.1429
19 619 30 0.0893 78 0.2321
20 620 18 0.0536 96 0.2857
21 621 0 0.0000 96 0.2857
22 622 18 0.0536 114 0.3393
23 623 24 0.0714 138 0.4107
24 624 6 0.0179 144 0.4286
25 625 6 0.0179 150 0 .4464
26 626 24 0.0714 174 0 .5 1 /9
27 627 18 0.0536 192 0.5714
28 628 0 0.0000 192 0 .5714
29 629 18 0.0536 210 0.6250
30 630 24 0.0714 234 0 .6964
31 701 6 0.0179 240 0.7143
32 702 6 0.0179 246 0.7321
33 703 24 0.0714 270 0.8036
34 704 18 0.0536 288 0.8571
35 705 0 0.0000 288 0.8571
36 706 18 0.0536 306 0 .9 1 0 /
37 707 24 0.0714 330 0.9821
38 708 6 0.0179 336 1.0000
Mean Date: 26.2679 V ariance : 50.1604
Skewness: - .416262 K u r to s i s : -1 .17539
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A5. Subdistrict 334-11, 1965: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
7 607 18 0.0469 18 0.0469
8 608 24 0.0625 42 0.1094
9 609 6 0.0156 48 0.1250
10 610 6 0.0156 54 0.1406
11 611 24 0.0625 78 0.2031
12 612 18 0.0469 96 0.2500
13 613 0 0.0000 96 0.2500
14 614 18 0.0469 114 0.2969
15 615 24 0.0625 138 0.3594
16 616 6 0.0156 144 0.3750
17 617 6 0.0156 150 0.3906
18 618 24 0.0625 174 0.4531
19 619 18 0.0469 192 0.5000
20 620 0 0.0000 192 0.5000
21 621 18 0.0469 210 0.5469
22 622 24 0.0625 234 0 .6094
23 623 6 0.0156 240 0.6250
24 624 6 0.0156 246 0.6406
25 625 24 0.0625 270 0.7031
26 626 18 0.0469 288 0.7500
27 627 0 0.0000 288 0.7500
28 628 18 0.0469 306 0.7969
29 629 24 0.0625 330 0.8594
30 630 6 0.0156 336 0.8750
31 701 6 0.0156 342 0.8906
32 702 24 0.0625 366 0.9531
33 703 18 0.0469 384 1.0000
Mean Date: 20 .0 V ariance : 65.75
Skewness: - .366225 K u r to s i s : -1 .1852
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A6. Subdistrict 334-11, 1966: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
10 610 24 0.0816 24 0.0816
11 611 18 0.0612 42 0.1429
12 612 0 0.0000 42 0.1429
13 613 18 0.0612 60 0.2041
14 614 24 0.0816 84 0.2857
15 615 6 0 .0204 90 0.3061
16 616 6 0.0204 96 0.3265
17 617 24 0.0816 120 0.4082
18 618 18 0.0612 138 0.4694
19 619 0 0.0000 138 0.4694
20 620 18 0.0612 156 0.5306
21 621 24 0.0816 180 0.6122
22 622 6 0.0204 186 0.6327
23 623 6 0.0204 192 0.6531
24 624 24 0.0816 216 0.7347
25 625 6 0.0204 222 0.7551
26 626 0 0.0000 222 0.7551
27 627 18 0.0612 240 0.8163
28 628 18 0.0612 258 0.8776
29 629 0 0.0000 258 0.8776
30 630 6 0.0204 264 0.8980
31 701 24 0.0816 288 0.9796
32 702 6 0.0204 294 1.0000
Mean Date: 20.0408 V ariance : 45.8147
Skewness: - .28099 K u r to s i s : -1 .17976
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A7. Subdistrict 334-11, 1967: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
2 602 24 0.0678 24 0.0678
3 603 18 0.0508 42 0.1186
4 604 0 0.0000 42 0.1186
5 605 18 0.0508 60 0.1695
6 606 24 0.0678 84 0.2373
7 607 6 0.0169 90 0.2542
8 608 6 0.0169 96 0.2712
9 609 24 0.0678 120 0.3390
10 610 18 0.0508 138 0.3898
11 611 0 0.0000 138 0.3898
12 612 18 0.0508 156 0.4407
13 613 24 0.0678 180 0.5085
14 614 6 0.0169 186 0.5254
15 615 6 0.0169 192 0.5424
16 616 24 0.0678 216 0.6102
17 617 18 0.0508 234 0.6610
18 618 0 0.0000 234 0.6610
19 619 18 0.0508 252 0.7119
20 620 24 0.0678 276 0.7797
21 621 6 0.0169 282 0.7966
22 622 6 0.0169 288 0.8136
23 623 24 0.0678 312 0.8814
24 624 18 0.0508 330 0.9322
25 625 0 0.0000 330 0.9322
26 626 18 0.0508 348 0.9831
27 627 6 0.0169 354 1.0000
Mean Date: 13.8644 V ariance :  56.7104
Skewness: - .3 7 6 8 9 4  K u r to s i s :  -1 .16187
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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Table A8. Subdistrict 334-11, 1968: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours;
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
3 603 6 0.0161 6 0.0161
4 604 24 0.0645 30 0.0806
5 605 6 0.0161 36 0.0968
6 606 6 0.0161 42 0.1129
7 607 24 0.0645 66 0.1774
8 608 18 0.0484 84 0.2258
9 609 0 0.0000 84 0.2258
10 610 6 0.0161 90 0.2419
11 611 24 0.0645 114 0.3065
12 612 6 0.0161 120 0.3226
13 613 6 0.0161 126 0.3387
14 614 24 0.0645 150 0.4032
15 615 18 0.0484 168 0.4516
16 616 0 0.0000 168 0.4516
17 617 6 0.0161 174 0.4677
18 618 24 0.0645 198 0.5323
19 619 6 0.0161 204 0.5484
20 620 6 0.0161 210 0.5645
21 621 24 0.0645 234 0.6290
22 622 18 0.0484 252 0.6774
23 623 0 0.0000 252 0.6774
24 624 6 0.0161 258 0.6935
25 625 24 0.0645 282 0.7581
26 626 6 0.0161 288 0.7742
27 627 6 0.0161 294 0.7903
28 628 24 0.0645 318 0.8548
29 629 18 0.0484 336 0.9032
30 630 0 0.0000 336 0.9032
31 701 6 0.0161 342 0.9194
32 702 24 0.0645 366 0.9839
33 703 6 0.0161 372 1.0000
Mean D ate : 17.871 V ariance : 80.435
Skewness: - .322282 K u r to s i s : -1 .18979
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table  A9. S u b d i s t r i c t  334-11 , 1969: (1 )  D a i ly  f i s h i n g  h o u rs ;
(2 )  D a i ly  P ro p o r t io n  o f  f i s h i n g  hou rs ;  (3) Cum ulative f i s h i n g  hours  
4) Cumulative p r o p o r t io n  o f  f i s h i n g  h o u rs .
1
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
6 606 24 0.1333 24 0.1333
7 607 18 0.1000 42 0.2333
8 608 0 0.0000 42 0.2333
9 609 0 0.0000 42 0.2333
10 610 6 0.0333 48 0.2667
11 611 6 0.0333 54 0.3000
12 612 0 0.0000 54 0.3000
13 613 24 0.1333 78 0.4333
14 614 18 0.1000 96 0.5333
15 615 0 0.0000 96 0.5333
16 616 6 0.0333 102 0.5667
17 617 24 0.1333 126 0.7000
18 618 0 0.0000 126 0.7000
19 619 0 0.0000 126 0.7000
20 620 18 0.1000 144 0.8000
21 621 0 0.0000 144 0.8000
22 622 0 0.0000 144 0.8000
23 623 0 0.0000 144 0.8000
24 624 18 0.1000 162 0.9000
25 625 0 0.0000 162 0.9000
26 626 0 0.0000 162 0.9000
27 627 0 0.0000 162 0.9000
28 628 18 0.1000 180 1.0000
Mean Date: 15.3333 V ariance : 48.1556
Skewness: - .117683 K u r to s i s : -1 .01839
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A10. Subdistrict 334-11, 1970s (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
6 606 18 0.0612 18 0 .0612
7 607 0 0.0000 18 0.0612
8 608 0 0.0000 18 0.0612
9 609 24 0.0816 42 0.1429
10 610 6 0 .0204 48 0.1633
11 611 6 0 .0204 54 0.1837
12 612 24 0.0816 78 0.2653
13 613 18 0.0612 96 0.3265
14 614 0 0.0000 96 0.3265
15 615 6 0 .0204 102 0.3469
16 616 24 0.0816 126 0.4286
17 617 6 0 .0204 132 0.4490
18 618 6 0 .0204 138 0 .4694
19 619 24 0.0816 162 0.5510
20 620 18 0.0612 180 0.6122
21 621 0 0.0000 180 0.6122
22 622 6 0 .0204 186 0.6327
23 623 24 0.0816 210 0.7143
24 624 6 0 .0204 216 0.7347
25 625 0 0.0000 216 0.7347
26 626 18 0.0612 234 0.7959
27 627 0 0.0000 234 0.7959
28 628 0 0.0000 234 0.7959
29 629 6 0 .0204 240 0.8163
30 630 24 0.0816 264 0.8980
31 701 6 0 .0204 270 0 .9184
32 702 6 0 .0204 276 0.9388
33 703 18 0.0612 294 1.0000
Mean D ate: 19.1633 V arian ce : 65 .1774
Skewness: - .1 9 9 1 8  K u r to s is :  -1 .1 2 3 2 5
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table All. Subdistrict 334-11, 1971: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
18 618 24 0.1143 24 0.1143
19 619 18 0.0857 42 0.2000
20 620 0 0.0000 42 0.2000
21 621 6 0.0286 48 0.2286
22 622 24 0.1143 72 0.3429
23 623 6 0.0286 78 0 .3714
24 624 6 0.0286 84 0.4000
25 625 24 0.1143 108 0.5143
26 626 18 0.0857 126 0.6000
27 627 0 0.0000 126 0.6000
28 628 6 0.0286 132 0.6286
29 629 24 0.1143 156 0.7429
30 630 6 0.0286 162 0.7714
31 701 6 0.0286 168 0.8000
32 702 24 0.1143 192 0.9143
33 703 18 0.0857 210 1.0000
Mean D ate: 25 .5714 V arian ce : 25.9878
Skewness: -.610441  K u r to s is :  -1 .15316
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A12. Subdistrict 334-11, 1972: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
14 614 6 0.0286 6 0.0286
15 615 6 0.0286 12 0.0571
16 616 24 0.1143 36 0 .1714
17 617 18 0.0857 54 0.2571
18 618 0 0.0000 54 0.2571
19 619 0 0.0000 54 0.2571
20 620 24 0.1143 78 0 .3714
21 621 6 0.0286 84 0.4000
22 622 0 0.0000 84 0 .4000
23 623 24 0.1143 108 0.5143
24 624 18 0.0857 126 0.6000
25 625 0 0.0000 126 0.6000
26 626 6 0.0286 132 0.6286
27 627 24 0.1143 156 0.7429
28 628 6 0.0286 162 0 .7714
29 629 6 0.0286 168 0.8000
30 630 24 0.1143 192 0.9143
31 701 18 0.0857 210 1.0000
Mean D ate: 23.2286 V arian ce : 29.9192
Skewness: -.629902  K u r to s is :  -1 .15397
Reproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
Table A13. Subdistrict 334-11, 1973: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4  )
12 612 24 0.0909 24 0.0909
13 613 6 0.0227 30 0.1136
14 614 0 0.0000 30 0.1136
15 615 24 0.0909 54 0.2045
16 616 18 0.0682 72 0.2727
17 617 0 0.0000 72 0.2727
18 618 6 0.0227 78 0.2955
19 619 24 0.0909 102 0 .3864
20 620 6 0.0227 108 0.4091
21 621 6 0.0227 114 0.4318
22 622 24 0.0909 138 0.5227
23 623 18 0.0682 156 0.5909
24 624 0 0.0000 156 0.5909
25 625 6 0.0227 162 0.6136
26 626 24 0.0909 186 0.7045
27 627 6 0.0227 192 0.7273
28 628 0 0.0000 192 0.7273
29 629 0 0.0000 192 0.7273
30 630 0 0.0000 192 0.7273
31 701 0 0.0000 192 0.7273
32 702 0 0.0000 192 0.7273
33 703 0 0.0000 192 0.7273
34 704 0 0.0000 192 0.7273
35 705 6 0.0227 198 0.7500
36 706 24 0.0909 222 0.8409
37 707 18 0.0682 240 0.9091
38 708 0 0.0000 240 0.9091
39 709 0 0.0000 240 0.9091
40 710 24 0.0909 264 1.0000
Mean D ate : 24.25 V ariance : 83.8239
Skewness: .119354 K u r to s is : -1 .28123
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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T ab le  A14. S u b d is t r ic t  334 -11 , 1974
(1 ) D a ily  f is h in g  h o u rs ; (2 ) D a ily  P ro p o r tio n  o f  f is h in g  h o u rs ;
(3 ) C um ulative f is h in g  h o u rs ;  (4 )  C u m u la tiv e  p r o p o r t i o n  o f  f i s h i n g  
h o u rs .
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
3 603 6 0.0175 6 0.0175
4 604 24 0.0702 30 0.0877
5 605 6 0.0175 36 0.1053
6 606 6 0.0175 42 0.1228
7 607 24 0.0702 66 0.1930
8 608 6 0.0175 72 0.2105
9 609 0 0.0000 72 0.2105
10 610 0 0.0000 72 0.2105
11 611 24 0.0702 96 0.2807
12 612 6 0.0175 102 0.2982
13 613 0 0.0000 102 0.2982
14 614 24 0.0702 126 0 .3684
15 615 6 0.0175 132 0.3860
16 616 0 0.0000 132 0.3860
17 617 0 0.0000 132 0.3860
18 618 24 0.0702 156 0.4561
19 619 6 0.0175 162 0.4737
20 620 6 0.0175 168 0.4912
21 621 24 0.0702 192 0.5614
22 622 6 0.0175 198 0.5789
23 623 0 0.0000 198 0.5789
24 624 6 0.0175 204 0.5965
25 625 24 0.0702 228 0.6667
26 626 6 0.0175 234 0.6842
27 627 6 0.0175 240 0.7018
28 628 24 0.0702 264 0.7719
29 629 6 0.0175 270 0.7895
30 630 0 0.0000 270 0.7895
31 701 0 0.0000 270 0.7895
32 702 0 0.0000 270 0.7895
33 703 0 0.0000 270 0.7895
34 704 6 0.0175 276 0.8070
35 705 24 0.0702 300 0.8772
36 706 6 0.0175 306 0.8947
37 707 0 0.0000 306 0.8947
38 708 6 0.0175 312 0.9123
39 709 24 0.0702 336 0.9825
40 710 6 0.0175 342 1.0000
Mean D ate: 20.5614 V arian ce : 126.895
Skewness: - .129398  K u r to s is :  -1 .1 6 0 2 4
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A15. Subdistrict 334-11, 1975: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
13 613 24 0.1026 24 0.1026
14 614 0 0.0000 24 0.1026
15 615 0 0.0000 24 0.1026
16 616 6 0.0256 30 0.1282
17 617 24 0.1026 54 0.2308
18 618 6 0.0256 60 0 .2564
19 619 6 0.0256 66 0.2821
20 620 24 0.1026 90 0.3846
21 621 6 0.0256 96 0.4103
22 622 0 0.0000 96 0.4103
23 623 6 0.0256 102 0.4359
24 624 24 0.1026 126 0.5385
25 625 6 0.0256 132 0.5641
26 626 6 0.0256 138 0.5897
27 627 18 0.0769 156 0.6667
28 628 0 0.0000 156 0.6667
29 629 0 0.0000 156 0.6667
30 630 6 0.0256 162 0.6923
31 701 18 0.0769 180 0.7692
32 702 0 0.0000 180 0.7692
33 703 0 0.0000 180 0.7692
34 704 18 0.0769 198 0.8462
35 705 0 0.0000 198 0.8462
36 706 0 0.0000 198 0.8462
37 707 6 0.0256 204 0.8718
38 708 24 0.1026 228 0.9744
39 709 6 0.0256 234 1.0000
Mean D ate : 25.0769 V arian ce : 65.7889
Skewness: - .1 3 3 6 5 2  K u r to s is :  -1 .19743
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A16. Subdistrict 334-11, 1976: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
15 615 24 0.1000 24 0.1000
16 616 6 0.0250 30 0.1250
17 617 6 0.0250 36 0.1500
18 618 24 0.1000 60 0.2500
19 619 6 0.0250 66 0.2750
20 620 0 0.0000 66 0.2750
21 621 6 0.0250 72 0.3000
22 622 24 0.1000 96 0.4000
23 623 6 0.0250 102 0.4250
24 624 6 0.0250 108 0.4500
25 625 24 0.1000 132 0.5500
26 626 6 0.0250 138 0.5750
27 627 0 0.0000 138 0.5750
28 628 6 0.0250 144 0.6000
29 629 24 0.1000 168 0.7000
30 630 6 0.0250 174 0.7250
31 701 6 0.0250 180 0.7500
32 702 18 0.0750 198 0.8250
33 703 0 0.0000 198 0.8250
34 704 0 0.0000 198 0.8250
35 705 0 0.0000 198 0.8250
36 706 18 0.0750 216 0.9000
37 707 0 0.0000 216 0.9000
38 708 6 0.0250 222 0.9250
39 709 18 0.0750 240 1.0000
Mean D ate: 25.75 V arian ce : 56.3375
Skewness: -.1 5 4 4 1 K u r to s is : -1 .1 2 9 5
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A17. Subdistrict 334-11, 1977: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
16 616 6 0 .0294 6 0 .0294
17 617 24 0.1176 30 0.1471
18 618 6 0 .0294 36 0.1765
19 619 0 0.0000 36 0.1765
20 620 6 0 .0294 42 0.2059
21 621 18 0.0882 60 0.2941
22 622 0 0.0000 60 0.2941
23 623 6 0 .0294 66 0.3235
24 624 24 0.1176 90 0.4412
25 625 6 0.0294 96 0.4706
26 626 0 0.0000 96 0.4706
27 627 6 0.0294 102 0.5000
28 628 18 0.0882 120 0.5882
29 629 0 0.0000 120 0.5882
30 630 6 0 .0294 126 0.6176
31 701 18 0.0882 144 0.7059
32 702 0 0.0000 144 0.7059
33 703 0 0.0000 144 0.7059
34 704 6 0.0294 150 0.7353
35 705 18 0.0882 168 0.8235
36 706 0 0.0000 168 0.8235
37 707 6 0 .0294 174 0.8529
38 708 24 0.1176 198 0.9706
39 709 6 0 .0294 204 1.0000
Mean D ate: 27 .3529 V a rian ce : 55.1107
Skewness: - .3 2 9 3 1 2  K u r to s is :  -1 .28245
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A18. Subdistrict 334-11, 1978: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
8 608 6 0.0250 6 0.0250
9 609 18 0.0750 24 0.1000
10 610 0 0.0000 24 0.1000
11 611 0 0.0000 24 0.1000
12 612 6 0.0250 30 0.1250
13 613 18 0.0750 48 0.2000
14 614 0 0.0000 48 0.2000
15 615 0 0.0000 48 0.2000
16 616 24 0.1000 72 0.3000
17 617 6 0.0250 78 0.3250
18 618 0 0.0000 78 0.3250
19 619 6 0.0250 84 0.3500
20 620 18 0.0750 102 0.4250
21 621 0 0.0000 102 0.4250
22 622 6 0.0250 108 0.4500
23 623 24 0.1000 132 0.5500
24 624 6 0.0250 138 0.5750
25 625 0 0.0000 138 0.5750
26 626 6 0.0250 144 0.6000
27 627 18 0.0750 162 0.6750
28 628 0 0.0000 162 0.6750
29 629 6 0.0250 168 0.7000
30 630 24 0.1000 192 0.8000
31 701 6 0.0250 198 0.8250
32 702 0 0.0000 198 0.8250
33 703 0 0.0000 198 0.8250
34 704 18 0.0750 216 0.9000
35 705 0 0.0000 216 0.9000
36 706 0 0.0000 216 0.9000
37 707 24 0.1000 240 1.0000
Mean D ate: 23 .025 V arian ce : 76.2744
Skewness: - .363351  K u r to s is :  -1 .04076
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Table A19. Subdistrict 334-11, 1979: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours;
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
4 604 6 0.0256 6 0.0256
5 605 18 0.0769 24 0.1026
6 606 0 0.0000 24 0.1026
7 607 6 0.0256 30 0.1282
8 608 18 0.0769 48 0.2051
9 609 0 0.0000 48 0.2051
10 610 0 0.0000 48 0.2051
11 611 6 0.0256 54 0.2308
12 612 18 0.0769 72 0.3077
13 613 0 0.0000 72 0.3077
14 614 6 0.0256 78 0.3333
15 615 24 0.1026 102 0.4359
16 616 6 0.0256 108 0.4615
17 617 0 0.0000 108 0.4615
18 618 0 0.0000 108 0.4615
19 619 - 18 0.0769 126 0.5385
20 620 0 0.0000 126 0.5385
21 621 0 0.0000 126 0.5385
22 622 18 0.0769 144 0.6154
23 623 0 0.0000 144 0.6154
24 624 0 0.0000 144 0.6154
25 625 0 0.0000 144 0.6154
26 626 18 0.0769 162 0.6923
27 627 0 0.0000 162 0.6923
28 628 6 0.0256 168 0.7179
29 629 18 0.0769 186 0.7949
30 630 0 0.0000 186 0.7949
31 701 0 0.0000 186 0.7949
32 702 0 0.0000 186 0.7949
33 703 18 0.0769 204 0.8718
34 704 0 0.0000 204 0.8718
35 705 0 0.0000 204 0.8718
36 706 24 0.1026 228 0.9744
37 707 6 0.0256 234 1.0000
Mean D ate: 20.0769 V arian ce : 108.866
Skewness: -.158491  K u r to s is :  -1 .28871
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Table A20. Subdistrict 334-11, 1980: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
9 609 6 0.0385 6 0.0385
10 610 18 0.1154 24 0.1538
11 611 0 0.0000 24 0.1538
12 612 6 0.0385 30 0.1923
13 613 24 0.1538 54 0.3462
14 614 6 0.0385 60 0.3846
15 615 0 0.0000 60 0.3846
16 616 6 0.0385 66 0.4231
17 617 0 0.0000 66 0.4231
18 618 0 0.0000 66 0.4231
19 619 6 0.0385 72 0.4615
20 620 24 0.1538 96 0.6154
21 621 6 0.0385 102 0.6538
22 622 0 0.0000 102 0.6538
23 623 6 0.0385 108 0.6923
24 624 0 0.0000 108 0.6923
25 625 0 0.0000 108 0.6923
26 626 0 0.0000 108 0.6923
27 627 18 0.1154 126 0.8077
28 628 0 0.0000 126 0.8077
29 629 0 0.0000 126 0.8077
30 630 0 0.0000 126 0.8077
31 701 0 0.0000 126 0.8077
32 702 0 0.0000 126 0.8077
33 703 24 0.1538 150 0.9615
34 704 6 0.0385 156 1.0000
Mean D ate: 20.1154 V arian ce : 68 .7944
Skewness: .0113812 K u r to s is : -1 .3 2 7 1 9
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Table A21. Subdistrict 334-11, 1981: (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
5 605 24 0.1000 24 0.1000
6 606 0 0.0000 24 0.1000
7 607 0 0.0000 24 0.1000
8 608 24 0.1000 48 0.2000
9 609 0 0.0000 48 0.2000
10 610 0 0.0000 48 0.2000
11 611 24 0.1000 72 0.3000
12 612 0 0.0000 72 0.3000
13 613 0 0.0000 72 0.3000
14 614 0 0.0000 72 0.3000
15 615 24 0.1000 96 0.4000
16 616 0 0.0000 96 0.4000
17 617 0 0.0000 96 0.4000
18 618 24 0.1000 120 0.5000
19 619 0 0.0000 120 0.5000
20 620 0 0.0000 120 0.5000
21 621 0 0.0000 120 0.5000
22 622 24 0.1000 144 0.6000
23 623 0 0.0000 144 0.6000
24 624 0 0.0000 144 0.6000
25 625 24 0.1000 168 0.7000
26 626 0 0.0000 168 0.7000
27 627 0 0.0000 168 0.7000
28 628 0 0.0000 168 0.7000
29 629 24 0.1000 192 0.8000
30 630 0 0.0000 192 0.8000
31 701 0 0.0000 192 0.8000
32 702 24 0.1000 216 0.9000
33 703 0 0.0000 216 0.9000
34 704 0 0.0000 216 0.9000
35 705 0 0.0000 216 0.9000
36 706 0 0.0000 216 0.9000
37 707 0 0.0000 216 0.9000
38 708 0 0.0000 216 0.9000
39 709 24 0.1000 240 1.0000
Mean D ate : 2 0 .4  V a rian ce : 110 .24
Skewness: -.0963079  K u r to s is :  -1 .10603
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Table A22. Subdistrict 334-11, 1982 (1) Daily fishing hours;
(2) Daily Proportion of fishing hours; (3) Cumulative fishing hours
(4) Cumulative proportion of fishing hours.
DAY DATE ( 1 ) ( 2 ) ( 3 ) ( 4 )
14 614 24 0.1176 24 0.1176
15 615 0 0.0000 24 0.1176
16 616 0 0.0000 24 0.1176
17 617 24 0.1176 48 0.2353
18 618 0 0.0000 48 0.2353
19 619 0 0.0000 48 0.2353
20 620 0 0.0000 48 0.2353
21 621 24 0.1176 72 0.3529
22 622 0 0.0000 72 0.3529
23 623 0 0.0000 72 0.3529
24 624 24 0.1176 96 0.4706
25 625 0 0.0000 96 0.4706
26 626 0 0.0000 96 0.4706
27 627 0 0.0000 96 0.4706
28 628 24 0.1176 120 0.5882
29 629 0 0.0000 120 0.5882
30 630 0 0.0000 120 0.5882
31 701 24 0.1176 144 0.7059
32 702 0 0.0000 144 0.7059
33 703 0 0.0000 144 0.7059
34 704 0 0.0000 144 0.7059
35 705 24 0.1176 168 0.8235
36 706 0 0.0000 168 0.8235
37 707 0 0.0000 168 0.8235
38 708 36 0.1765 204 1.0000
Mean D ate: 26.7059 V arian ce : 68.737
Skewness: -.432297  K u r to s is :  -1 .2 4 6 3 4





e r r o r  bound c a lc u la t io n s  f o r  v a ry in g  means 
and v a r ia n c e s  u s in g  th e  norm al 
d i s t r i b u t i o n .
s im u la t io n  program  f o r  c a lc u la t in g  
r e p e t i t i o n s  o f  t j  where j  = 1 , 2 • • •  40 
w ith  MSE c a l c u la t io n s .





C MIGRATORY TIMING VARIATIONS C
C FOR C
C THE NORMAL CURVE C
c ------------------------------------------------------------  C
C CALCULATIONS OF PROPORTIONS C
C WITH OPTIONS : C
C VARY THE MEAN OR VARIANCE C
C WITH ERROR BOUNDS FROM C
C RATIO ESTIMATOR C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C
C ----------- DIRECTORY ----------------------
C
C L -  # OF DAYS IN OBS -  MOMENTS
C D1 -  DAY OF OBS -  CALCULATING MEAN OF TIME DENSITY
C P2 -  ABUNDANCE OF PROP- DAILY PROP CALCULATED FROM AVG CUM
C 
C
C ISER -  SINGLE MOMENTS RUN -  1 OR MULTIPLE RUNS
C IRUN -  # OF MULTIPLE SINGLE MOMENTS RUNS
C RUN -  RE-EXECUTE PROGRAM
C FILE -  FOR OUTPUT FILES
C
C AL -  AVG FOR THE COMPLETE SEQ. -  POP. MEAN
C VL -  VARIANCE -  POP. VARIANCE
C CSUM -  CUMULATIVE PROPORTION OF TOTAL CATCH
C AVGT -  MEAN TIME DENSITY
C VART -  VARIANCE OF TIME DENSIY
C
C STD -  STD.DEVIATION FROM STAT2
C G -  SKEWNESS FROM STAT2









DIMENSION D l(4 1 ),P 1 (4 1 ) ,P 2 (4 1 )
DIMENSION DAYS(41) ,A (4 1 ),V (4 1 ),C (4 1 ) ,S (4 1 )
INTEGER L , RUN,DEC, PTT, LDAY 
TYPE 10010















P I= 3 .14159
C
c w m r n  ************* *************** ##############
***********
TYPE 10190 





c BEGIN SINGLE RUN SERIES OF CALCULATIONS
TYPE 248 
ACCEPT *,ISER
F0RMAT(/5x,'You have o p tio n  o f  making a  s in g le  sam pling r u n 1,248
220
100
1 /5 x ,
2 /5 x ,
3 /  5x,
4 /5 x ,
5 /  5x,
6 /  5x,




5 / /5 x
6 / /5 x
7 /  5X,
1 / /5 x
8 /  5X,
9 /5X ,
1 / 5X ,1
TYPE 10200 
ACCEPT *,FILE
GO TO (2 6 0 ,2 2 0 ,2 2 0 ) ISER 
TYPE 100 
ACCEPT * ,  FIX
F0RMATC/5X,'YOU HAVE THE OPTION OF FIXING EITHER THE MEAN ' ,
1 /5 X ,'0 R  VARIANCE OF THE DISTRIBUTION, AND LET THE OTHER1,
2 /5X,'VARY BETWEEN SOME DESIGNATED RANGE -  CHOOSE
5 / 5X,'NOTE: ERROR BOUND ESTIMATE IS THE SAME FOR ALL RUNS',
6 / 5X ,' IF VARIANCE IS FIXED AND CAN BE CAL. ON MT.FOR',
3 //10X ,'FIX ED  MEAN -  1 ' ,
4 /10X,'FIXED VARIANCE -  2 ' )
IF (FIX .EQ .2) GO TO 20
w ith  a s in g le  mean and v a r ia n c e  you s e l e c t ,  and ' ,  
c a lc u la te  th e  d a i l y  p ro p o r t io n s  from  th e  norm al d i s t . ' ,  
OR you can f i x  e i t h e r  th e  mean o r  th e  v a r ia n c e ,  a n d ',  
l e t  th e  o th e r  moment v a ry  abou t some l i m i t s .  You m u s t ' , 
b e g in  a t  th e  lo w est v a lu e  and s e t  th e  increm en ts y o u ', 
n ee d . The u p p er l i m i t  o f th e  v a r in g  p a ram ete r i s  s e t ' ,  
by  th e  number o f runs you s e t .  ' ,
'NOTE: THE PROPORTIONS GENERATEED WILL GO TO A R-W ' ,  
FILE NAMED F28.DAT -  TO BE ENTERED BELOW',
'NOTE: ALL NUMBERS ENTERED MUST BE REAL NUMBERS',
'Type -  1 -  1 s in g le  run  o f  n m ig ra to ry  d a y s ' ,
' 2 -  F ix  one moment and v a ry  th e  o th e r  -  w i th ' ,
MOMENTS TABLES ON LY !!!',
' 3 -  Same as 2 above , w i t h ' ,
-  MOMENTS TABLE AND SEQUENCE OF EACH RUN,', 
SAVED, BUT EACH IN A SEPARATE F IL E .' ,
MOMENTS TABLE ONLY VIEWED ON SCREEN!!')
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TYPE 120 
ACCEPT * , AVGT
120 FORMAT(//5X,'PLEASE TYPE IN THE FIXED MEAN TIME DENSITY )
TYPE 130 
ACCEPT * ,  STD
C
130 FOBMAT(//5X,'TYPE IN THE BEGINING STD VALUE 1)
GO TO 30 
20 CONTINUE
TYPE 140 
ACCEPT * , STD
140 FORMAT(//5X,'PLEASE TYPE IN THE FIXED STD FROM THE VARIANCE',
1 /5X ,'O F  THE TIME DENSITY-')
TYPE 150 
ACCEPT * , AVGT
150 FORMAT(//5X,'TYPE IN THE BEGINING VALUE FOR THE MEAN ')
30 CONTINUE
TYPE 160 
ACCEPT * , STEP 
160 FORMAT(///5X,'WHAT STEP INCREMENT DO YOU WANT ? ' )
TYPE 250 
ACCEPT * , IRUN
250 FORMAT(//5X,'How many INCREMENT STEPS do you w ant ^1-40*2?' ) 
IF (F IX .E Q .2) GO TO 251
TYPE 200 
ACCEPT *,EB
200 FORMAT(//5X,'Do you want th e  ERROR BOUNDS c a lc u la te d  f o r ' ,
1 / 5 x , ' f o r  each  d i s t r i b u t i o n  g e n e ra te d  ? Must have o u t s i d e ' ,
2 / 5 x , ' f i l e  ! ! ! ' ,
3 / 5 x , ' Type -  1 -  y e s ' ,
4  / 5 x , '  -  2 -  NO')
251 IF (F IL E .E Q .2) GO TO 254
GO TO (2 6 0 ,2 5 3 ,2 5 2 ) ISER
252 TYPE 10210
OPEN(UNIT=21,ACCESS=' SEQOUT' ,MODE='ASCII', DIALOG)
253 TYPE 10211
OPEN(UNIT=22,ACCESS='SEQOUT',MODE='ASCII'.DIALOG)




IF (F IX .E Q .2) GO TO 210 
WRITE(23,209) AVGT
209 FORMAT(5X,'Mean Time D e n s ity  - ' , f 7 . 3 )
WRITE(23 ,10465)
GO TO 254
210 WRITE(23,211) S td
211 F0RMAT(5X,' S td . d e v ia t io n  - ' ,F 7 .3 )
WRITE(23,10464)
254 CONTINUE
if(IS E R .E Q .2) GO TO 260
260 GO TO (2 6 9 ,2 6 1 ,2 6 1 ) ISER
261 GO TO (262 ,263) FILE
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go to  (26 9 ,2 6 8 ,2 6 8 ) i s e r
268 do 565 is= l,IR U N  
WRITE(21,* )  IS 
GO TO 285




ACCEPT * , AVGT,STD 











C BEGIN FOR # OF DAYS WANTED TO OBSERVE
C
C GENERATE NUMBERS -  SAME AS ABOVE




IF (FILE.EQ .2) GO TO 350 
WRITE(21,330)
330 F0RMAT(/2X,'DAILY PROPORTION OF CATCH FROM NORMAL' ,
1 /2 X , ' (l)-DAY OF MIGRATION',
2 / 2X, ' ( 2 ) -DAILY ABUNDANCE' ,
3 / 2X, ' ( 3 ) -  CUMULATIVE ABUNDANCE -  F%Xh' ,
3 / I X , ' ------------------------------ -------- -------- ----------------------------
1 / I X , '  1 2  3 ' ,
2 / I X , ' --------------------------------------------------------------------------------- ' )
350 CONTINUE
C
C UNIT 01 -  DAILY PROP OF CATCH, CALCULATED FROM AVG CUM PROP (Y)
C
C
IF(ISE R .G T .I) GO TO 390 
IF (SCREEN.EQ.2) GO TO 390 
WRITE(5,330)
C








C D1 -  DAYS OF OBS-CUM MEAN TIME DENSITY
C P2 -  DAILY ABUNDANCE OF PROP -  FORM CUM -  TIME DENSITY
C 
C













IF(ISER.EQ.2) GO TO 409 




IF(ISER.EQ.2) GO TO 420 
IF(FILE .EQ .2) GO TO 410 
WRITE(21,10310) J,P2(J),CSUM  
410 CONTINUE
IF(ISE R .G T .l) GO TO 420 














C X X X X X X ERROR BOUNDS X X X X X 
C
























DO 576 IJ= 1 ,L
READ(01,* )  D A Y 2(IJ),P 2(IJ)
XL=FLOAT(L)
SDM1=(DAY2( I J ) *P2( IJ ) )* * 2  
SUM1A=SUM1A+SUM1 
SD M 2=(DAY2(IJ)*(P2(IJ)**2))
SUM2A= SUM2A+ SDM2 
SDM3=(P2(IJ)**2)
SUM3A=SUM3A+SUM3 
R 1=(D A Y 2(IJ)*P2(IJ))
R2=R2+R1 
SDMD=SDMD+P2( I J )
576 CONTINUE
DO 577 J I= 1 ,L  
XJI=FL0AT(JI)






RE1 =AVGT»- ( 2 . 0* ( SQRT ( VE ) ) )  
RE2=AVGT-(2.0*(SQRT(VE)) )  
VART=STD**2 




close( u n it =o i )
c





C SKIP OUTPUT TO CRT AND GO TO SMR
C
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TYPE 10380, G,GG 
GO TO 475
470 WRITE(5,10390) L,AVGT, VART, CSUM,G, GG
475 CONTINUE
C
C FILE -  OUTPUT FROM SINGLE TO OUTSIDE FILE UNIT=21






C m u lt ip le  runs  o f s in g le  moments
480 GO TO (481 ,482) FILE
481 WRITE(22,10390) IS,AVGT,VART,G,GG
482 WRITE(5,10390) IS,AVGT,VART,G,GG 
C
c
486 c o n tin u e
c
IF(F IL E .E Q .2) GO TO 540 
490 CONTINUE
WRITE(21,500) AVGT,VART,CSUM 
500 FORMAT(/IX,'MEAN TIME DENSITY= ' ,F 9 .4 ,
1 /IX,'VARIANCE OF TIME DENSITY= ',F 1 0 .4 ,
1 / I X , '  CUMULATIVE TOTAL -  ' ,F 7 .5 )
510 CONTINUE
WRITE(21,520) L,G,GG 
520 FORMAT(/IX,'NUMBER OF DAYS IN MIGRATION = ' , 1 2 ,
3 /IX,'SKEWNESS = ' ,F 9 .4 ,









IF(F IX .E Q .2) GO TO 295 
STD=STD+STEP 
GO TO 300 
295 AVGT=AVGT+STEP
300 CONTINUE
565 c o n tin u e
c
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C # # # # # # # # #  E N D  OF S E Q U E N C E  R U N S  # # # # # #  
c # # # # # # # # # # # ■ # - #  f## ## # # # # # # # # # # # # # # # # #
c m m m m m m m m m m m m m t m m m m m m m m  
m m m m m m m m m m m m m m m m m m m m m m w w M  
c m m m m m m m m m m w m m m m m m m m m m m m m  
c 
c












574 F0RMAT(/5X,'DO YOU WANT TO MAKE ANOTHER RUN AS BEFORE ? ' ,
1 /  5X, 1 TYPE -  1 -  YES' ,
2 /5 X , ' 2 -  NO ! ! ' )
IF(ISM R.EQ.9) GO TO 711 





ACCEPT * , RUN












1 / /1 2 X ,'A  SIMULATION MODEL',
2 / / 6X, ' MIGRATORY TIMING VARIATIONS' ,
3 / / 5X,'##################################')
10181 FORMAT(/5X,'NO. OF MIGRATORY DAYS - ' , 1 4 )
10182 F0R M A T(/5x,'D aily P ro p o rtio n  o f  C a tc h ',
1 / 5x , '1  - # o f  runs 2 -  Mean Time D e n s i ty ',
2 / 5 x , '3  - V ariance  o f  Time D e n s i ty ',
4 / 5 x , '4  - Skew ness' ,
5 /  5 x , '  5 - K u r to s i s ' ,
6 / l x , ' -----
7 / l x , '  1 2 3 4 5
8 / l x , ' -----
10190 F0RMAT(/ 5X, 1HOW MANY DAYS knh ARE IN THE MIGRATION? ( 1 - 4 0 ) ')
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10200 FORMAT(/5X,'DO YOU WANT THE OUTPUT TO GO TO AN OUTSIDE FILE1,
1 /5X ,'FO R LATER U SE?',
2 /5X,'TYPE -  1 -  Y E S',
3 /5 X , ' -  2 -  NO')
10210 FORMAT(/5X,'PLEASE TYPE THE NAME OF THE OUTPUT F IL E - ',
1 / 5X,'NOTE-THIS FILE IS FOR THE RUN SERIES',
2 /IIX ,'W ITH  DAILY PROPORTIONATE DATA')
10211 FORMAT(//5X,'THIS FILE IS FOR THE MOMENTS TABLE FOR THE RUN',
1 /5X ,'SE R IE S. PLEASE TYPE THE OUTPUT FILE NAME - ' )
10212 FORMAT(//5X,'This f i l e  i s  f o r  e r r o r  bounds f o r  each 
d i s t r i b u t i o n ' ,
1 / 5 x , 'g e n e r a te d .  Type f i l e  name - ' )
10310 FORMAT(2X,I2,2(2X,F7.5 ) )
10360 FORMAT(/IX,'NUMBER OF MIGRATORY DAYS = ’ ,12)
10380 FORMAT(/2X,'SKEWNESS = ' ,F 9 .4 ,
1 /2X,'KURTOSIS = ' ,F 9 .4 )
10390 F0R M A T(1X ,I2 ,2X ,F8.4 ,2X ,F9.4 ,2(2X ,F9.4))
10464 FORMAT(/5X,'Bound on e r r o r  o f  e s t im a t io n ',
1 / 5 x , ' from  norm al d i s t r i b u t i o n ' ,
2 / 5 x , ' l -  number o f  days sa m p le d ',
3 / 5 x , '2 -  mean tim e d e n s i t y ' ,
4 / 5 x , '3 -  UPPER bound 4 -  LOWER b o u n d ',
5 / 5 x , '5 -  v a r ia n c e  e s t i m a t o r ',
6 / 2 x , ' ------------------------------------------------------------------------------------ ' ,
8 / 2 x , ' -------------------------------------------------------------------------------------')
10465 FORMAT(/5X,'BOUND ON THE ERROR OF ESTIMATION',
1 /5X,'DAILY PROPORTION OF CATCH',
5 / 5 x , ' from  norm al d i s t r i b u t i o n ' ,
2 /5 X ,* 1 - NO. OF DAYS SAMPLED',
5 / 5X ,'2 -  UPPER BOUND 3 - LOWER BOUND',
4 /5 X , '4 -  VARIANCE OF TIME DENSITY',
1 /5 X , '5 -  VARIANCE ESTIMATOR',
6 / 2X ,' -------------  ' ,
8 /2 X , ' -------------------------------------------------------------------------------------------- ' )
10466 FORMAT(3X,I2,2X,F6. 3 ,2X ,F7.3 ,2 (2 X ,F 7 .3 ) )
10467 FORMAT(3X,I2,4(2X,F7.3 ) )
10670 FORMAT(/5X,'DO YOU WANT TO TRY AGAIN?',
1 / 5X, ' TYPE (1 ) IF YOU WANT TO START AGAIN',
2 /5X,'TYPE (2 ) IF YOU WANT TO END IT A L L !!! ')
10680 FORMAT(/ 5X, ' PLOT FILES CAN BE PREPARED USING THE FOLLOWING-',
1 //5X,'PLTMOM.FOR -  TIME DENSITY AND PROPORTIONS DATA',
2 / 5X, ' PLTMV2.FOR -  MOMENTS TABLES, AND DAYS DENERATED AS' ,
3 / 5 x , ' STD.ERROR AND RESIDUAL DATA',
4 / / 5 x , 'A  gu ide  to  f i l e  t r a n s f e r  to  th e  VECTOR d i s k e t t ' ,
5 /5 x , 'u s a g e  i s  a v ia la b le  in  th e  USER GUIDE',
6 / / 5X, ' TYPE -  1 -  WHEN YOU WISH TO END EXECUTION-')
END





C MIGRATORY TIMING C
C WITH REPETITIONS C
C OPTIONS: C
C MSE AND BIASNESS CALCULATIONS C
C RANDOM MEAN TIME DENSITIES C
C FROM C
C CHINOOK SALMON DATA OR C
C NORMAL CURVE DATA C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C CH -  CHOOSE RANDOM LISTING OR MAX-MIN
C DEC -  CHOOSE MSE OR RANDON NUMBER LISTINGS
C IC -  INCREMENTS (DAY, OR EVERY 5 DAYS, ETC.)
C IB -  BEGIN DAY SAMPLED
C IE -  END OF DAYS SAMPLED
C IRUN -  # OF REPITITIONS
C M - #  MIG. DAYS
C OUT -  OUTSIDE FILE
C R -  POP MEAN TIME DENSITY
C VSRTA -  IMSL su b ro u tin e
C STAT2 -  s u b ro u tin e  to  c a lc u la te  moments
C
DIMENSION K K (1001),JK L(1001),D A Y (1001),D 1(1001),P1(1001) 
DIMENSION DAY2(1001),D2(1 0 0 1 ),P 2 (1 0 0 1 ),ER(1001),TV(1001) 




10100 FORMAT(/5X,'PLEASE ENTER NAME OF FILE - ' ,
1 /5X,'DAILY PROPORTIONS OF CHINOOK -  FOR01.DAT',
2 /5X,'CPUE -  CHINOOK -FO R 23.D A T ',
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10110 FORMAT(//5X,'HOW MANY DAYS IN MIGRATION ? ' )
TYPE 10120 
ACCEPT * , IRUN
10120 FORMAT(//5X,'HOW MANY REPETITIONS FOR EACH OF THE DAYS ' ,
1 /5 X , ' SAMPLED DO YOU WANT ? ' )
TYPE 10130 
ACCEPT * , R





ACCEPT * , IB ,IE ,IC  
10132 FORMAT(//5X,'TYPE IN THE BEGINNING DAY SAMPLED ,
1 / 5X, ' TYPE THE LAST DAY SAMPLED OREND OF MIGRATION VrOV ,
2 /5X,'AND THE INCREMENTS YOU WANT ^1-EVERY DAY, 5-EVERY 5 ')  
TYPE 10135
ACCEPT * , DEC
10135 FORMAT(//5X,'CHOOSE -  BIAS AND MSE CALCULATIONS -  1 - ' ,
1 /5 X , ' -  RANDOM MEAN TIME DENSITY -  2 ')
TYPE 10140 
ACCEPT *,OUT
10140 FORMAT(//5X,'DO YOU WANT OUTSIDE FILE ? ' ,
1 /5X,'TYPE -  1 -  Y E S ',
2 / 5X ,' -  2 -  NO ! ! ' )
IF(OUT.GT.l) GO TO 4 
IF(DEC.GT.l) GO TO 2 
TYPE 10150
0PEN(UNIT=21,ACCESS='SEQOUT',MODE='ASCII' .DIALOG)
10150 FORMAT(///5X,'TYPE FILE NAME FOR BIAS AND MSE - ' )
GO TO 4
2 TYPE 10152 
ACCEPT * , CH
10152 FORMAT(////5X,'CHOOSE-----
1 / 5X, '1  -  LISTINGS OF RANDOM MEANS TO OUTSIDE FILE ,
2 / 5X, '2  -  MEAN, MIN, MAX & VARIANCE OF RANDOM SEQUENCE',
3 /5 X , '3  -  BOTH - n o te ,  no 2 seen  on sc re e n  ' )
IF(CH.EQ.2) GO TO 3
TYPE 10155
OPEN(UNIT=22,ACCESS='SEQOUT',MODE='ASCII'.DIALOG)
10155 FORMAT(/5X,'TYPE FILE NAME FOR RANDOM MEAN - ' )
IF(C H .EQ .l) GO TO 4
3 TYPE 10156
0PEN(UNIT=21,ACCESS='SEQOUT',MODE='ASCII'.DIALOG)
10156 FORMAT(/ / 5X, ' TYPE FILE NAME FOR MEAN AND VARIANCE O F ',




i f ( d e c . e q . l )  go to  6
if(C H .E Q .l)  go to  5 
WRITE(5,10172)
10161 F0RM A T(6X,I2,2X,I4,4X,F6.3)
IF(OUT.EQ.2) go to  8







IF(OUT.GT.l) GO TO 8 
WRITE(21,10170)
GO TO 8
7 GO TO (1 1 ,1 2 ,1 1 )  CH
11 WRITE(22,10160)
WRITE(22,10161) M,IRUN,R 
w r i te ( 2 2 ,10165)











DO 15 JL=1,M 
15 READ(20,* )  D 1(JL ),P1(JL )
DO 18 J=1,M 
Bl=0.
XM=FLOAT(M)
A (J)= D 1(J)*P 1(J)








C X X X X X X X X X X X X X X X X X X X X X X X X X X X X  X
C BEGIN # OF RANDOM SAMPLED DAYS

























C BEGIN REPITITION FOR EACH RANDOMLY SAMPLED DAY
c       -----------------------------
c
DO 85 IS=1,IRUN 
TOT=0.





JK L (I)= I 
AVG=0.
D 1 (III )= 0 .
VAR=0.
JK L (I)= I 
DO 20 1=1,M 






DO 30 11=1,L 
35 PTT=40*RAN(0)+1







DO 40 IIJ=1,M  
40 DAY( I I J ) =DAY( I I J - l )+1
c DO 50 JJJ=1,M
c50 READ(20,*) D l( J J J ) ,P 1 ( J J J )
DO 60 111=1,L 
D 1(III)=D A Y (K K (III))




C SCALE TIME DENSITY
C
DO 70 1=1,L





















CX X X X X X X END OF REPETITIONS X X X X X X X X X X X X X  
c = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 
CALL VSRTA(ER,IRUN)
DO 74 11=1,IRUN 
RMIN=ER(1)












IF(DEC.EQ.l) GO TO 89 
WRITE(5,10175) L ,AAVGT, EMIN, RMAX, S2 
WRITE(21,10175) L,AAVGT,RMIN,RMAX,S2 
GO TO 96









IF(OUT.GT.l) GO TO 95
WRITEC21,10180) L,AAVGT,TSUM,BIAS,MSE,VG 
95 WRITE(5,10180) L,AAVGT,TSUM,BIAS,MSE,VG












10200 F0RMAT(//5X,'DO YOU WANT TO TRY AGAIN ? ' ,
1 / 5X,'TYPE -  1 -  YES' ,
2 / 5X ,' -  2 -  NO, END EXECUTION ! ! ' )
IF(R E P.E Q .l) GO TO 1
10160 F0RMAT(/5X,'NUMBER O F ',
1 /5X,'DAYS REPS MTD')
10165 fo rm a t( /5 x ,'n u m b e r  o f  days sampled & mean tim e d e n s i t y ' ,
1 / 5X ,' -------------------------------------------------------------------------------- ' ,
2 / 5 X ,'
3 /5 X , ' -------------------------------------------------------------------------------- •)
10170 f o r m a t( /5 x , ' The m ean- cu m u la tiv e  p ro p o r t io n -  b ia s  and MSE',
1 / 5 x , 'o f  a  b ia s e d  e s t im a to r  and MSE o f  u n b ias  e s t i m a t o r , '
2 / 5 x , 'o f  th e  p o p u la t io n  t o t a l  f r o  a  number o f  p o s s i b l e , '
3 / 5 x , 'd a y s  random ly sa m p le d ,'
5 / I X , ' -----------  ' ,
6 / lx , 'n u m  mean cum b ia s  b ia s  u n b ia s , '
8 / l x , ' days prop MSE MSE,'
7 / I X , ' ------------------------------------------------------------------------' )
10172 F0RMAT(/5X,'A s im u la t io n  run  o f  p o s s ib le  means based  o n ' ,
1 / 5 x , '  r e p i t i t i o n s  w ith  th e  minimum and maximum mean tim e ' ,
2 / 5 x , 'd e n s i t i e s  and t h e i r  v a r ia n c e  from random numbers o f  ' ,
3 / 5 x , 'p o s s i b l e  days j where j=  1 -----  40 ' ,
4 / I X , ' ------------------------------------------------------------------------' ,
5 /5 x ,'n u m b  mean min max SAMPLE',
7 /5 x , 's a m p l  MEAN MEAN VARIANCE',
6 / I X , ' -------------------------------------------------------------   ' )
10175 fo rm a t(5 x ,I2 ,3 (5 x ,F 6 . 3 ) ,5 x ,F 8 .3 )
10180 F0R M A T (2X ,I2 ,2X ,F6 .3 ,2X ,F8 .5 ,2X ,F 7 .3 ,2 (2X ,F8 .3))
END
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